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Real Party In Interest 

The real party in interest is assignee. Electronics for Imaging, Inc., 
303 Velocity Way, Foster City, CA 94404. 
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Related Appeals And Interferences 




Status Of Claims 

Claims 1-4, 9 and 1 1 Rejected 
Claims 5-8, 10 Canceled 
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Status Of Amendments 
Amendment Mailed 27 January 2003 Not Entered 
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Summary Of Invention 



This invention pertains to PostScript® Printer Description ("PPD") files, 
and more particularly to methods and apparatus for generating PPD files. A PPD file 
includes ASCII text that describes features of a printer, and also includes text strings 
used in user-interface dialogs used by a PostScript printer driver. PPD files may be used 
in Windows, MAC-OS, and UNIX software environments, and may be used by many 
software applications. One problem frequently encountered when creating PPD files, 
however, is that a PPD file may work correctly for one printer driver, but may fail when 
used by another printer driver. For example, the text strings in the PPD file must be 
translated for all supported languages (e.g., English, French, German, Japanese). 
However, a printer driver on one software platform may interpret non-English characters 
differently than a printer driver on a second software platform. As a result, when 
creating a PPD file for a particular printer, a developer typically must provide multiple 
PPD files for the printer, each one of which is suited for a particular software 
environment and a particular language. Previously known techniques for generating 
multiple PPD files for different software platforms and languages involve a significant 
amount of manual typing and copying, both of which are time-consuming and prone to 
error. 

In accordance with this invention, apparatus and methods are provided for 
producing PPD text files. In particular, a development environment is provided for 
producing a PPD text file. (Page 5, lines 15-18; FIG. 2). The development environment 
includes a base PPD text file that has information regarding a printer, including text in a 
first language. (Page 5, lines 18-28; Page 5, lines 34-38; Page 6, lines 1-9; Page 9, lines 
32-33; FIG. 2). A PPD generator is adapted to import the base PPD text file and to 
generate a second PPD text file that includes text translated from the first language to a 
second language. (Page 5, lines 28-32; Page 6, lines 9-10; Page 6, line 25 through Page 
7, line 8; Page 9, lines 10-25; FIG. 2). 

In addition, methods are provided for generating or revising a PPD text file. 
The methods include providing a base PPD text file that is adapted for a first software 
platform and that includes information regarding a printer, including text in a first 
language. (Page 5, lines 18-28; Page 5, lines 34-38; Page 6, lines 1-9; Page 9, lines 32- 
33; FIG. 2). The methods also include providing a build file that has information about 




how the base PPD text file should be edited to provide a second PPD text file that 
includes text translated from the first language to a second language. (Page 6, lines 12- 
23; Page 9, lines 9-10; Page 9, lines 35-37). The methods fiirther include implementing 
the build file to generate the second PPD text file. (Page 7, lines 10-18; Page 7, lines 
25-36; Page 9, lines 2-5; FIG. 2). 
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Issue 



Whether claims 1-4, 9 and 1 1 are unpatentable under 35 U.S.C. § 103(a) as 
obvious over deSilva U.S. Patent No. 5,857,064 ("deSilva") in view of Andrews et al. 
U.S. Patent No. 5,768,564 ("Andrews"). 



Grouping Of Claims 
For purposes of this appeal, the group of claims 1-4, 9 and 1 1 stand or fall 



together. 
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Argument 



The Examiner has rejected claims 1-4, 9 and 1 1 under 35 U.S.C, § 103(a) as 
obvious over deSilva in view of Andrews. Appellant disagrees, and respectfully 
requests that the Board reverse the decision of the Examiner. 

Summary of Independent Claims 

Amended independent claim 1 recites a development environment for 
producing a PPD text file, the development environment comprising a base PPD text 
file that comprises information regarding a printer, the information including text in a 
first language, and a PPD generator adapted to import the base PPD text file and to 
generate therefrom a second PPD text file that includes text translated from the first 
language to a second language. Amended independent claims 3 and 4 recite methods 
for generating or revising a PPD text file, the methods comprising providing a base PPD 
text file that comprises information regarding a printer, the information including text in 
a first language, the base PPD text file adapted for a first software platform, providing a 
build file that comprises information as to how the base PPD text file should be edited 
to provide a second PPD text file that includes text translated from the first language to 
a second language, and implementing the build file to generate the second PPD text file. 

Summarv of Examiner's Rejections 

With regard to independent claim 1 , the Examiner asserts that deSilva 
teaches many of the claim elements, but does not describe a developer that uses a PPD 
generator to import a base PPD and generate therefrom a second PPD text file that 
includes text translated from a first language to a second language. The Examiner 
asserts, however, that Andrew "in the same area of developing computer programs for 
computers to execute" teaches that a progranruner may write and maintain a computer 
program in a source language and use a translator to translate the source code to other 
languages. The Examiner further asserts that it would have been obvious to modify 
deSilva to use translators to import a base PPD and generate therefrom a second PPD 
text file that includes text translated from a first language to a second language because 



"it would save time and effort for the PPD file developer by avoiding rewriting complex 
and difficult programs in multiple languages to mn on multiple brands of computers." 

With regard to independent claims 3 and 4, the Examiner asserts that 
deSilva teaches many of the claim elements, but does not describe translating text from 
a first language to a second language. The Examiner asserts, however, that Andrew **in 
the same area of developing computer programs for computers to execute" teaches that 
rewriting computer programs to run in multiple languages is impractical, and that a 
progranmier may write and maintain a computer program in a source language and use a 
translator to translate the source code to other languages. The Examiner further asserts 
that it would have been obvious to modify deSilva to translate text from a first language 
to a second language, once again because "it would save time and effort for the PPD file 
developer by avoiding rewriting complex and difficult programs in multiple languages 
to run on multiple brands of computers." 

Discussion of deSilva 

deSilva describes an imaging system that provides a facility for converting 
complex graphical primitives that cannot be directly imaged by a page description 
language ("PDL"), such as PostScript, into a plurality of less complex graphical 
primitives that can be directly imaged by the PDL. (Abstract). The system includes a 
printer handler, which is "a type of printer driver that controls and drives a specific 
printer; its purpose is to convert textual and graphical objects into printer readable form 
for any particular printer type." (Col. 10, lines 42-45). The handler "reads" the printer's 
"personality document" to access personality objects, such as the printer configuration 
and resolution, print job description, and the print device object that converts graphic 
data into the printer's imaging model. (Col. 12, lines 36-51). A personality document 
"is created for each type of printer that a printer handler is created for." (Col. 13, lines 
28-29). By way of example, deSilva lists selected entries from a PPD file to illustrate 
features of the PPD that can be used to determine attributes of a PostScript printer. 
(Col. 18, line 29 through Col. 19, line 5). 

Although deSilva includes a brief discussion of the use of information in a 
PPD file, deSilva does not describe or suggest anything else related to the claimed 
invention. First, deSilva does not describe or suggest a development environment for 



10 



producing a PPD text file, or methods for generating or revising a PPD text file. deSilva 
nowhere describes or suggest methods or apparatus for producing such files. 
Additionally, deSilva does not describe or suggest providing a development 
environment that includes a base PPD text file that comprises information regarding a 
printer, the information including text in a first language, the base PPD text file adapted 
for a first software platform. 

Moreover, deSilva does not describe or suggest a PPD generator adapted to 
import the base PPD text file and to generate therefrom a second PPD text file that 
includes text translated from the first language to a second language. Further, deSilva 
does not describe or suggest methods for generating or revising a PPD text file, the 
methods comprising providing a build file that comprises information as to how the base 
PPD text file should be edited to provide a second PPD text file that includes text 
translated from the first language to a second language. Indeed, deSilva contains no 
discussion or suggestion related to any type of file that includes information as to how a 
base PPD text file should be edited to provide a second PPD text file that includes text 
translated from a first language to a second language. 

Discussion of Andrews 

Andrews describes methods and apparatus for automatically translating 
software source code from one high-level programming language to source code in 
another high-level progranmiing language. (Col. 2, lines 56-59; Col. 4, lines 13-18). hi 
particular, Andrews describes the "Rosetta Translator," that translates software source 
code from "portable Transaction Application Language (pTAL) to C++." (Col. 4, lines 
18-22). Andrews does not, however, describe anything related to PPD text files, or a 
PPD generator adapted to import a base PPD text file and to generate therefrom a 
second PPD text file that includes text translated from the first language to a second 
language. Indeed, Andrews does not describe or suggest anything relevant to the 
claimed invention. 

Discussion of the § 103 Rejections 

A claimed invention is unpatentable as obvious "if the differences between 
the subject matter sought to be patented and the prior art are such that the subject matter 
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as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains." § 103(a). An 
obviousness determination may not be based on hindsight. See Ecolochem, Inc. v. 
Southern Califomia Edison Co. , 227 F.3d 1361, 1371 (Fed. Cir. 2000) (hindsight 
reconstruction may not be used "to pick and choose among isolated disclosures in the 
prior art to deprecate the claimed invention.") (citation omitted). 

Ignoring this prohibition, the Examiner has selectively excised individual 
words and phrases from deSilva to reconstruct elements of the claimed invention. 
Indeed, the Examiner first selectively excised the words "developer," "PostScript," and 
"PPD," that appear randomly throughout deSilva as evidence that deSilva describes a 
development environment for producing a PPD text file associated with a printer. A 
claim is not rendered obvious, however, simply because the claim language includes 
some of the same words and phrases scattered throughout the text of a reference. Crown 
Oper. JnVl Ltd. v. Solutia Inc. , 289 F.3d 1367, 1376 (Fed. Cir. 2002) ("Determination of 
obviousness cannot be based on the hindsight combination of components selectively 
culled from the prior art to fit the parameters of the patented invention."). 

Moreover, deSilva uses the selected words and phrases in a completely 
unrelated context to that of the claimed invention. The Examiner cites col. 12, line 48 
and col. 13, lines 29-32 for the word "developer." Read in its proper context, both 
citations pertain to a printer manufacturer that "develops" (i.e., manufactures) a printer. 
(Col. 12, lines 37-49; col. 13, lines 28-32). Neither reference to the word "developer" 
pertains in any way to the claimed invention, i.e., a development environment for 
producing a PPD text file . Next, the Examiner cites col. 18, line 32 for the word "PPD." 
Read in its proper context, this reference states that features of a PPD "can be used to 
determine a PostScript printer's attributes." (Col. 18, lines 30-33). Once again, this 
reference does not pertain in any way to a development environment for producing a 
PPD text file. 

Nevertheless, after conceding that deSilva does not describe or suggest the 
claimed invention, the Examiner cites Andrew "in the same are;a of developing 
computer programs for computers to execute." Contrary to the Examiner's assertion, 
there is no support for such the assertion that deSilva is related to "developing computer 
programs for computers to execute." In contrast, as described above, deSilva pertains to 



12 



an imaging systenn that provides a facility for converting complex graphical primitives 
that cannot be directly imaged by a PDL into a plurality of less complex graphical 
primitives that can be directly imaged by the PDL. 

Further, there is no objective evidence that a person of ordinary skill in the 
relevant art would be motivated to combine deSilva and Andrews. Where obviousness 
is based on a combination of references, there must be an objective teaching, 
motivation, or suggestion to select and combine the references. See In re Thrift , 298 
F.3d 1357, 1363 (Fed. Cir. 2002) (A prima facie case of obviousness requires "some 
objective teaching in the prior art or that knowledge generally available to one of 
ordinary skill in the art [that] would lead an individual to combine the relevant teachings 
of the references."); Crown , 289 F.3d 1367, 1376 (Fed. Cir. 2002) ("[T]here must be a 
teaching or suggestion within the prior art, within the nature of the problem to be 
solved, or within the general knowledge of a person of ordinary skill in the field of the 
invention to look to particular sources, to select particular elements, and to combine 
them as combined by the inventor."); In re Sang-Su Lee , 277 F.3d 1338, 1343 (Fed. Cir. 
2002) ("[T]he search for and analysis of the prior art includes evidence relevant to the 
finding of whether there is a teaching, motivation, or suggestion to select and combine 
the references relied on as evidence of obviousness."). 

Instead, using hindsight gleaned from appellant's specification, the 
Examiner has impermissibly attempted to cobble together the claimed invention by 
combining the disparate teachings of deSilva and Andrews. Indeed, the Examiner has 
failed to provide any objective evidence of a teaching, motivation, or suggestion to 
select and combine deSilva and Andrews. Instead of identifying such objective 
evidence, the Examiner summarily concludes, with no support, that it would have been 
obvious "to have modified the PPD files developing method of deSilva by the teaching 
of Andrew because ... it would save time and effort for the PPD file developer by 
avoiding rewriting complex and difficult programs in multiple languages to run on 
multiple brands of computers." Such a conclusory statement, unsupported by any 
objective evidence, is impermissible, and fails to establish any teaching, suggestion, or 
motivation to combine the references. See Sang-Su Lee , 277 F.3d at 1343-44 
(examiner's conclusory statements suggesting reasons for combining references fail to 
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adequately address the issue of motivation to combine, which cannot be based on 
subjective belief and unknown authority). 



that there also is no conceivable reason why a person of ordinary skill in the art would 
somehow be motivated to combine these unrelated references. deSilva is concerned 
with an object-oriented printing interface, and Andrews relates to high-level software 
source code language conversion. There is no objective evidence indicating that a 
person of ordinary skill in the art would somehow be motivated to combine deSilva and 
Andrews. Further, even if there were some suggestion or motivation to combine 
deSilva with Andrews, it is unclear how the two references could be combined to 
produce anything that would be useful for any purpose. Indeed, the Office action has 
cited two references that are so unrelated that nothing meaningful could result from any 
combination of the two references. 



Because the cited references, alone or combined, do not describe or suggest the 
claimed invention, appellant respectfully requests that the rejections of claims 1, 3 and 4 
be reversed. Because claims 2, 9 and 1 1 depend from claim 1, appellant respectfully 
requests that the rejections of claims 2, 9 and 1 1 be reversed. 



Appellant respectfully submits that there is no such objective evidence, and 



Conclusion 



Respectfully submitted. 




'James Trosino 
Registration No. 39,862 
Attorney for Appellant 
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APPENDIX A 



CLAIMS 

1 . A development environment for producing a PostScript® printer description 
(PPD) text file associated with a printer, the development environment comprising: 

a base PPD text file that comprises information regarding the printer, the 
information including text in a first language, the base PPD text file adapted for a first 
software platform; and 

a PPD generator adapted to import the base PPD text file and to generate 
therefrom a second PPD text file that includes text translated from the first language to a 
second language. 

2. The development environment of Claim 1, further comprising a build file 
that describes a product or platform specific set of features of the base PPD text file. 

3. A method for generating a PostScript® printer description (PPD) text file 
associated with a printer, the method comprising: 

providing a base PPD text file that comprises information regarding the 
printer, the information including text in a first language, the base PPD text file adapted 
for a first software platform; 

providing a build file that comprises information as to how the base PPD 
text file should be edited to provide a second PPD text file that includes text translated 
from the first language to a second language; and 

implementing the build file to generate the second PPD text file. 
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4. A method for revising a PostScript® printer description (PPD) text file 
associated with a printer, the method comprising: 

providing a base PPD text file that comprises information regarding the 
printer, the information including text in a first language, the base PPD text file adapted 
for a first software platform, and a build file that comprises information as to how the 
base PPD text file should be edited to provide a second PPD text file that includes text 
translated from the first language to a second language; 

modifying the base PPD text file to provide a revised PPD text file; and 
implementing the build file to generate a second PPD text file from the 
revised PPD text file. 

9. The development environment of Claim 1, wherein the PPD generator 
parses the base PPD text file and the build file into text based instructions that may be 
parsed and assembled by PostScript® printer drivers. 

1 1 . The development environment of Claim 1 , wherein the PPD generator 
generates the second PPD file that is adapted for a second software platform. 
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[57] ABSTRACT 

An imaging system that provides a facility for converting 
highly functional complex graphical primitives that cannot 
be directly imaged by a less functional page description 
languages (PDL) such as PostScript or PCL into a plurality 
of less complex graphical primitives that can be directly 
imaged by a PDL. Some of these highly functional complex 
objects are three dimensional objects, high order curves, non 
regular areas, sampled three dimensional surfaces, off- 
centered pens, color blending and user programmable three 
dimensional shaders. These graphical objects are examined 
by a device handler, the characteristics of the object com- 
pared with the capabilities of the PDL of the device and if 
required the graphical object is transformed into a plurality 
of simpler objects that can be imaged by the PDL. Depend- 
ing on the complexity of the graphical primitive, this trans- 
formation either creates a pixelmap of the image that is sent 
to the device at the device's resolution, or the transformation 
creates a plurality of graphic primitives supported by the 
device's PDL. Regardless, the desired complex image is 
printed, and the developer of an application program is able 
to utihze complex graphical primitives to develop an image 
that will be presented on a device irrespective of the limi- 
tations inherent in the device's actual PDL. 

22 Claims, 21 Drawing Sheets 
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SYSTEM FOR IMAGING COMPLEX used by the printing device. For exanaple, if the printer uses 

GRAPHICAL IMAGES the PostScript page description language, this reformatting 

would include the creation of a PostScript program to 
This is a continuation of application Ser. No. 08/415,979, generate the printed page. Similarly, if the printer uses the 
filed Apr 3, 1995. 5 POL page description language. 

The pagination and reformatting necessary to convert the 
COPYRIGHT NOTIFICAHON printable information into a form which can be printed on a 

A portion of the disclosure of this patent document P""^^"S ^^^^^^ generally performed by software 

contains material which is subject to copyright protection. ^ Programs runnmg withm the computer system. Software 
The copyright owner has no objection to the facsimile programs operatmg on a computing system generally can be 
reproduction by anyone of the patent disclosure, as it calegonzed mto two broad classes: operating systems which 
appears in the Patent and Trademark Office patent files or ^^^^^^ ^P^^^^^ * 'yP^ computer system and consist 

records, but otherwise reserves all copyright rights whatso- ^ collection of utUity programs that enable the computer 

gygj. system to perform basic operations, such as storing and 

15 retrieving information on a peripheral disk memory, display- 
FIELD OF THE INVENTION "^S information on an associated video display, performing 

rudimentary file operations including the creation, naming 
This invention generally relates to improvements in com- and renaming of files and, in some cases, performing diag- 
puter systems and, more particularly, to operating system nostic operations in order to discover or recover from 
software for displaying and printing documents. 20 malfunctions. 

BACKGROUND OF THE INVENTION i*^'^ "P'^'j^S ^Vf" generally provides only 

very basic functions and must be accompamed by an apph- 

One of the most important aspects of a modem computer cation" program. The application program interacts with the 

system is the ability to generate an image of textual or ^5 operating system to provide much higher level functionality 

graphical information. This information can be manipulated a direct interface with the user. During the interaction 

by the computer, visually displayed and stored. This display between the application program and the operating system, 

is generally performed by a display monitor and by a "hard" ^^e application program typically makes use of operating 

printed copy. To create the hard copy of this information, a system functions by sending a series of task commands to 

computer system generally includes a printing device which operating system which then performs the requested 

is electrically connected to the computer system and con- l^sks- example, the application program may request 

trolled by it in order to generate a permanent image on a that the operating system store particular information on the 

selected medium. Examples of raster oriented printing computer disk memory or display information on the video 

devices in common use are dot matrix, ink jet and LASER display. 

printers that fix permanent images on paper under control of FIG. 1 is a schematic illustration of a typical computer 
the computer. Although paper is the most common medium, system utilizing both an application program and an oper- 
other media are often used, such as photographic fikn and aling system. The computer system is schematically repre- 
overhead transparencies. sented by box 100, the application program is represented by 
FIG. 3a indicates the correspondence between a computer box 102 and the operating system by box 106. The interac- 
memory raster 3fl01 contains an image 3fl02 which can be 40 ^i^n between the application program 102 and the operating 
displayed on a raster monitor 3a06 or a raster printer 3a(iS. system 106 is illustrated schematically by arrow 104. This 
The memory raster 3«01 is sent to the printer 3^08 as <^u3l program system is used on many types of computers 
indicated by arrow 3a09. The printer 3a08 transfers the systems ranging from mainframes to personal computers, 
raster image 3a02 to a resulting image 3£f04 on paper 3fl03. The method for handling printing, however, varies from 
Similarly, the memory raster 3^01 is sent to a monitor 3^06 45 computer to computer, and, in this regard, FIG. 1 represents 
as indicated by arrow 3^10. The display 3fl06 transfers the a prior art personal computer system. In order to provide 
raster image 3a02 to a resulting image 3fl07 on the display printing functions, the application program 102 interacts (as 
3fl06. Images 3fl07 and 3fl04 are dependent on the resolution shown schematically by arrow 108) with printer driver 
of each device. The same image 3fl02 if sent to devices of software 110. Printer driver software 110 is generally asso- 
dififering resolution will be produced at different sizes. 50 ciated with an application program and reformats and con- 
In order to print a document that is displayed on the verts the printable information as necessary. Since each 
monitor or stored within the memory, several actions must printer has its own particular format and control command 
take place. First, since the print medium generally has a set, which must be embedded in the text properly to control 
fixed size, the printable information must be divided into printer, the printer driver software 110 must be specifi- 
pieces which are small enough to fit on the selected medium, 55 cally designed to operate with one printer or one type of 
a process which is called pagination. In addition, the infor- printer. Application support for differing types of printers 
mation may need to be reformatted from the format in which generally requires support for a specialized printer driver for 
it is either di^layed or stored into a format which is suitable ^^ch type of printer supported. Often a multitude of printer 
for controlling the printing device to actually perform the drivers were provided with the application to support a wide 
printing on the medium. The reformatting in this latter step 60 I'ange of printing devices. 

may include the insertion of control commands into the The printer driver software 110 produces a reformatted 

printable information in order to control the printing device. information stream containing the embedded commands as 

These added commands may, for example, include such shown schematically as arrow 114. The converted informa- 

commands as carriage returns, line feeds, form feeds, spaces tion stream is, in turn, applied to a printer port 112 which 

and font information, all of which format the printable 65 contains circuitry that converts the incoming information 

information. The reformatting may also include a conver- stream into electrical signals. The signals are, in turn, 

sion step in which the information is converted into the form communicated to the printer 118 via some data pathway 116 
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such as a dedicated cable or a network. Printer 118 usually slill be designed into each application program, thereby 

contains an "imaging engine" which is a hardware device or duplicating program code and wasting programming 

a ROM-programmed computer which lakes the incoming resources. 

information stream and converts it into the electrical signals These problems were addressed by providing an object- 
necessary to drive the actual printing elements. The result is 5 oriented printing interface that communicated with the 
a "hard copy" output on the selected medium. remainder of the operating system through a standard inter- 
While the configuration shown in FIG. 1 generally works face such as a grafport and printer drivers provided for each 
in a satisfactory manner, it has several drawbacks. Since the printer type within the operating system. So that an appli- 
printer driver software 110 is specific to each type of printer, cation not only need not worry about the particular printer/ 
a separate driver had to be provided for each printer type jq computer combination with which it is to operate, but also 
with which the application program is to operate. In the need not have a built in document formatting capability. This 
personal computer market, there are a large number of printing interface included objects that provided queries for 
different printer types that are compatible with each type of device identification, optimized imaging, and printer status, 
computer and, therefore, as the number of printer types Other objects were also provided for data transfer to bracket 
proliferated, so did the number of printer drivers which were connections prior to sending and receiving information. Still 
required for each application program so that the program other objects were provided for canceling a print job, 
was compatible with most available printers. Therefore, pausing a job, and clearing out a job. Finally, an object was 
application program developers had to provide, lest, and also provided for supporting multiple streams of communi- 
support larger and larger numbers of printer drivers with cation to an imaging task. 

each application program, resulting in wasted time and effort FIG. 4 shows a schematic overview of another prior art 

and wasted disk space to hold the drivers, only one or two computer system utilizing an object-oriented printing inter- 

of which were of interest to any particular user. face. The computer system is shown generally as a box 400, 

Unfortunately, if a user purchased an application program and an application program 402 and an operating system 406 

and it did not include a printer driver which could control the are provided to control and coordinate the operations of the 

printer which the user owned, unpredictable operation 25 computer. Application program 402 communicates with 

occurred, resulting in program returns and user dissatisfac- operating system 406 as indicated by arrow 404. However, 

tion. in accordance with an embodiment of the invention, rather 

In addition, it was also necessary for each application than communicating directly with a standard interface, such 

program to provide high level printing functions such as as grafport 410, application program 402 can now commu- 

pagination and page composition (including addition of 30 nicate with operating system 406 at a higher level when it 

margins, footnotes, figure numbers, etc.) if such functions wishes to print information. This latter interaction is accom- 

were desired. Consequently, each application program plished by providing an object-oriented printing interface 

developer had to spend time developing programs to imple- shown schematically as box 424. Printing interface 424 

ment common printing functions which programs were responds to a series of simple commands generated by 

specific to each application program, thereby resulting in 35 application program 402 in order to perform various for- 

duplicated effort and wasted time. matting and pagination functions. The formatted, printable 

In order to overcome the aforementioned difBculties, the information is then transmitted to a grafport 410 as indicated 

prior art arrangement was modified as shown in FIG. 2. In schematically by arrow 426. It is possible for application 

this new arrangement, computer system 200 is still con- program 402 to communicate directly with grafport 410 as 

trolled by application program 202 which cooperates, as 40 ^ »he prior art arrangement shown in FIG. 2, however, it is 

shown schematically by arrow 204, with operating system not expected that this will be the normal mode of operation. 

206. However, in the system shown in FIG. 2 operating In any case, the information flows through gra^ort 410, 

system 206 includes printer drivers 214. A separate printer and as indicated by arrow 412, is provided to a printer 

driver must still be provided for each different type of handler 414. Printer handler 414 is similar to printer drivers 

printer, but the printer drivers are sold with, and part of, the 45 previously described. However, it is "intelligent" and offers 

operating system. Consequently, it is not necessary for each some additional capabilities. Essentially, printer handler 414 

application program to have its own set of printer drivers. An processes the incoming data stream indicated by arrow 412 

application program, such as application program 202, com- and adds the necessary printer commands to control the 

municates with the printer driver 214 by means of a Stan- associated printer schematically illustrated as printer 422. 

dardized interface 210. Two common interfaces are called 50 The reformatted printer data stream is provided, as indicated 

"grafports" or "device contexts". Illustratively, application by arrow 416, to a printer port 418 which converts the data 

program 202 provides information (schematically shown by into electrical signals that are sent over data pathway 420 to 

arrow 208) in a standardized form to the grafport 210. The printer 422. 

grafport 210, in turn, forwards information, as shown by Although a significant improvement over the previously 

arrow 212, to printer driver 214 which reformats and con- 55 described art shown in FIG. 2, this approach still suffers 

verts the information as previously described into the format from the drawback that once the Printing interface 424 

required by the printer. The output of printer driver 214 is provided support for highly functional graphic command 

provided (illustratively shown as arrow 216) to printer port objects — objects that could not be simply represented within 

218 where it is converted to electrical signals that are the printer's PDL — the print driver would either simply not 

transmitted, via a data pathway 220, to the printer 222. 60 perform the command, or fail back to printing a low reso- 

The configuration shown in FIG. 2 has the advantage that lution pixelmap representative of the image associated with 

the application program developer need not worry about the the object. This problem is demonstrated with graphic 

specific computer and printer combination on which the primitives such as high order curves, sampled 3D surfaces, 

program will ultimately run in order to provide printing non-centered pens, color masks and color blending transfer 

capabilities to the application program. However, it still 65 modes, and user programmable 3D shaders. These graphic 

suffers from the drawback that, if desired, high level printing commands are not supported in either PCL version 5 or 

capabilities such as pagination and page composition must PostScript. 
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SUMMARY OF THE INVENTION FIG. 14 shows the composite result of applying the pixel 

" -ru r • 1-1 J .1. f • image along with the composited underlying image, and the 

J ne loregomg problems are overcome and the fore gomg ... . . . r .^j- 

• ,1 - L 1' f .1. clippmg regionin accordance with a preferred embodunent; 

object is achieved m an illustrative embodiment of the ^ ^ 

invention in which an object-oriented printing interface »s a schematic block diagram that represents the 

includes a method for transforming graphical objects that are ^ operation of the invention in accordance with a preferred 

too complex to be directly translated into the printing embodiment; 

device's command primitives. The graphical objects are first FIG. 16 is a schematic block diagram that represents the 

sent to the printing device where the translatable objects are flow of graphical objects into a printing device in accor- 

translated into the device's command primitives. Then the dance with a preferred embodiment; 

graphical objects are examined to select the objects that FIG. 17 is a flowchart illustrating the overall operation of 

require special handling. These objects are examined and a preferred embodiment; 

based upon the complexity of the object and the capabilities p,G ^ 3 flowchart describing the method of process- 

of the pnntmg device, the object is either decomposed mto punter non-imageable graphical objects in accordance 

a plurality of unageable objects and printed; or a pixel map ^^^^ 3 preferred embodiment; 

of the object is generated, adjusted for intersections with • a u . -n * .l . * j . * • r 

.u u- . J • . J FIG. 19 is a flowchart illustrating the test deterrninmg if 

other objects and prmted. . ui * • * u . r ^ - . u 

the non-1 mage able object is to be transformed into a collec- 

brief DESCRIPTION OF THE DRAWINGS ^>on of imageable objects or into a pixel object in accordance 

with a prefened embodiment; and 

TTie above and further advantages of the invention may be piG. 20 is a flowchart illustrating the steps to create the 

better understood by refemng to the foUowingdescnpt.on in j^^, accordance with a preferred embodiment. 

conjunction with the accompanymg drawmgs, m which; r j r 

FIG. 1 is a schematic block diagram of a prior art DETAILED DESCRIPTION OF THE 

computer system showing the relationship of the application ILLUSTRATIVE EMBODIMENTS 
program to the operating system and the printer driver in the 25 

prior art; invention is preferably practiced in the context of an 

- . . ut 1 J- c n c operating system resident on a personal computer such as 

MO. 2 IS a schematic block diagram of a modification of rvo/^ a i • . l . * 

. ^ . . T-i^ ^ . II .1. 1- the IBM PS/2, or Apple, Macintosh, computer. A represen- 

the pnor art system shown m FIG. 1 to allow the a ppbcation , - . , . * j • . j • r>ir- -» i.- l 

. . . ^ J J - • c ■ .1. tative hardware environment is depicted in FIG. 3, which 

program to interface to a standard prmting interface m the n . . . • , . j / r 

rior art- r t> illustrates a typical hardware configuration of a computer 

pnor a , accordance with the subject invention. The computer 

FIG. 3 is a block schematic diagram of a computer 300 is controlled by a central processing unit 302, which 

system, for example, a personal computer system on which ^^^y 3 conventional microprocessor; a number of other 

the inventive object-onented prmting mterface operates in ^nits, all interconnected via a system bus 308, are provided 

accordance with a preferred embodiment; accomplish specific tasks. Although a particular computer 

FIG. 3a is a schematic diagram of the coaespondence of may only have some of the units illustrated in FIG. 3 or may 

pixels in memory with the resulting output from a pixel have additional components not shown, most computers will 

oriented imaging device; include at least the units shown. 

HG. 4 is a schematic block diagram of a modification of Specifically, computer 300 shown in FIG. 3 includes a 
the prior art system shown in FIG. 2 in which the operating ^ random access memory (RAM) 306 for temporary storage of 

system includes an object-oriented printing interface in information, a read only memory (ROM) 304 for permanent 

accordance with a preferred embodiment; storage of the computer's configuration and basic operating 

FIG. 5 is a block schematic diagram of the information commands and an input/output (I/O) adapter 310 for con- 
paths and hardware by which printable information is chan- necting peripheral devices such as a disk unit 313 and printer 
neled through intermediate storage to a print device in 45 314 to the bus 308, via cables 315 and 312, respectively. The 
accordance with a preferred embodiment; function provided by cables 315 and 312 may be imple- 

FIG. 6 shows how the personality document is used by mented via a network connection. A user interface adapter 

different parts of the printing system in accordance with a 316 is also provided for connecting input devices, such as a 

preferred embodiment; keyboard 320, and other known interface devices including 

FIG. 7 details the printer handler components and their 50 mice, speakers and microphones to the bus 308. Visual 

interactions in accordance with a preferred embodiment; ^^^P^^ is provided by a display adapter 318 which connects 

FIG. 8 demonstrates how an image is rendered in a pixel ^^^^ ^ ^/^P^^V device 322 such as a video monitor, 

map form in accordance with a preferred embodiment; workstation has resident thereon and is controUed and 

™^ n u i_ 1' 1 I- coordinated by Operating system software such as the Apple 

rIO. 9 snows how a chppmg region is used to outhne an ^ . . • . 
image in accordance with a prefened embodiment; 55 System/7 operating system. 

n/^ L«- ^. • . , In a preferred embodiment, the mvention IS implemented 

tih. 10 shows the affect of. the chpping region when used • V- • i u-^JTi . ^ 

i. . . . -.u r 1 u r m the C++ programming language using object-oriented 

to chp the image m accordance with a preferred embodi- • , . • ^ • it^ i-T . 

ment' programming techniques. C++ is a compiled language, that 

is, programs are written in a human-readable script and this 

FIG. 11 represents an existing image upon which the script is then provided to another program called a compiler 

clipped unage wiU be appUed in accordance with a preferred ^^ich generates a machine-readable numeric code that can 

embodiment; loaded into, and directly executed by, a computer. As 

FIG. 12 indicates the result of applying the non-chpped described below, the C++ language has certain characteris- 

image to the previous image; lies which allow a software developer to easily use programs 

FIG. 13 indicates which portions of the previously exist- 65 written by others while still providing a great deal of control 

ing image are affected by applying the clipping region in over the reuse of programs to prevent their destruction or 

accordance with a preferred embodiment; improper use. The C++ language is well-known and many 
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articles and texis are available which describe the language nitions to be written, one for each type of variable (numt^ers, 

in detail. In addition, C++ compilers are commercially characters and dollars). After the functions have been 

available from several vendors including Borland defined, a program can later refer to the addition function by 

International, Inc. and Microsoft Corporation. Accordingly, its common format (A+B) and, during compUation, the C++ 

for reasons of clarity, the details of the C++ language and the 5 compiler will detennine which of the three functions is 

operation of the C++ compiler will not be discussed further ^ctuaUy being used by exammmg the variable types. The 

in detail herein compiler will then substitute the proper function code. 

Polymorphism allows similar functions which produce 

As will be understood by those skilled in the art. Object- analogous results to be "grouped" in the program source 
Oriented Programming (OOP) techniques involve the produce a more logical and clear program flow, 
definition, creation, use and destruction of "objects". These 10 ^^^^ principle which underlies object-oriented pro- 
objects are software entities comprismg data elements and ^.j^ inheritance, which allows program developers 
routines, or functions, which manipulate the data elements. ^^^^ pre-existing programs and to avoid creating 
The data and related functions are treated by the software as ^^^^^^^ ^^^^^^^ p^^^-pj^ inheritance allows a 
an entity and can be created, used and deleted as if they were software developer to declare classes (and the objects which 
a single item. Together, the data and functions enable objects 15 ^^^^^ ^^^^^^^ ^^^^^^^ Specifically, classes 
to model virtually any real-world entity m terms of its designated as subclasses of other base classes. A 
characteristics, which can be represented by the data ^^^^^^^ "inherits" and has access to all of the public 
elements, and its behavior, which can be represented by its ^^^^^^^^ base classes just as if these function appeared 
data manipulation functions. In this way, obj^ts can model subclass. Alternatively, a subclass can override some 
concrete things like people and computers, and they can also .^^ inherited functions or may modify some or all of 
model abstract concepts like numbers or geometncal .^^ inherited functions merely by defining a new funcUon 
designs. ^^j^ ^j^^ ^^^^ ^^^^ (overriding or modification does not 

As will be recognized by those skilled in the art, the ^^^j. function in the base class, but merely modifies the 

instant invention can be implemented in a procedural pro- tj,e function in the subclass). The creation of a new 

gramming environment as well as an object-oriented one. subclass which has some of the functionality (with selective 

Objects are defined by creating "classes" which are not modification) of another class allows software developers to 

objects themselves, but which act as templates that instruct easily customize existing code to meet their particular needs, 

the compiler how to construct the actual cfcject. Aclass may. Although object-oriented programming offers significant 

for example, specify the number and type of data variables improvements over other programming concepts, program 

and the steps involved in the functions which manipulate the development still requires significant outlays of time and 

data. An object is actually created in the program by means effort, especially if no pre-existing software programs are 

of a special function called a constructor which uses the available for modification. Consequently, a prior art 

corresponding class definition and additional information, approach has been to provide a program developer with a set 

such as arguments provided during object creation, to con- of pre-defined, interconnected classes which create a set of 

struct the object. Likewise objects are destroyed by a special objects and additional miscellaneous routines that are all 

function called a destructor. Objects may be used by using directed to performing commonly-encountered tasks in a 

their data and invoking their functions. particular environment. Such pre-defined classes and librar- 

The principle benefits of object-oriented programming ies are typically called "application frameworks" and essen- 

techniques arise out of three basic principles; encapsulation, 40 tially provide a pre -fabricated structure for a working appli- 

polymorphism and inheritance. More specifically, objects cation. 

can be designed to hide, or encapsulate, all, or a portion of. For example, an apphcation framework for a user inter- 
the internal data structure and the internal functions. More face might provide a set of pre-defined graphic interface 
particularly, during program design, a program developer objects which create windows, scroll bars, menus, etc. and 
can define objects in which all or some of the data variables 45 provide the support and "default" behavior for these graphic 
and all or some of the related functions are considered interface objects. Since application frameworks are based on 
"private" or for use only by the object itself Other data or object-oriented techniques, the pre-defined classes can be 
functions can be declared "public" or available for use by used as base classes and the built-in default behavior can be 
other programs. Access to the private variables by other inherited by developer-defined subclasses and either modi- 
programs can be controlled by defining public functions for 50 fied or overridden to allow developers to extend the frame- 
an object which access the object's private data. Tht public work and create customized solutions in a particular area of 
functions form a controlled and consistent interface between expertise. This object-oriented approach provides a major 
the private data and the "outside" world. Any attempt to advantage over traditional programming since the program- 
write program code which directly accesses the private mer is not changing the original program, but rather extend- 
variables causes the compiler to generate an error during 55 ing the capabilities of the original program. In addition, 
program compilation which error stops the compilation developers are not blindly working through layers of code 
process and prevents the program from being run. because the framework provides architectural guidance and 
Polymorphism is a concept which aUows objects and modeling and, at the same time, frees the developers to 
functions which have the same overall format, but which supply specific actions unique to the problem domain, 
work with different data, to function differently in order to 60 There are many kinds of application frameworks 
produce consistent results. For example, an addition func- available, depending on the level of the system involved and 
tion may be defined as variable A plus variable B (A+B) and the kind of problem to be solved. The types of frameworks 
this same format can be used whether the A and B are range from high-level apphcation frameworks that assist in 
numbers, characters or dollars and cents. However, the developing a user interface, to lower-level frameworks that 
actual program code which performs the addition may differ 65 provide basic system software services such as 
widely depending on the type of variables that comprise A communications, printing, file systems support, graphics, 
and B. Polymorphism allows three separate function defi- etc. Commercial examples of application frameworks 
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include MacApp (Apple), Bedrock (Symantec), OWL some additional capabilities which will be described herein. 

XBcrland), NeXT Step App Kit (NeXT), and Smalltalk-80 Essentially, printer handler 414 processes the incoming data 

MVC (ParcPlace). stream of graphic objects indicated by arrow 412 and adds 

While the application framework approach utilizes aU the ""^ Decenary printer commands to control the associated 
principles of encapsulation, polymorphism, and inheritance 5 pnnter schematically Ulustrated as pnnter 422_ The resultmg 

^ , j L.Ti- * pnnter data stream is provided, as mdicated by arrow 416, 

in the object layer, and is a substantial .mprovement over ^ ^ J^.^^ ^^^^^ .^^^ 

other programmmg techniques, there are difficulties which ^. ^^^^ j^,^ ^^ ^^^^ 422 

anse. These difficulues are caused by the fact that U is e^y ^^j^^ processes the data and generates an image responsive 

for developers to reuse theu^ own objects, but it is difBcult for ^^ j^j^ n,edium. 

the developers to use objects generated by other programs. " ^^^^^^ mechanism by which a document generated by 

Further, apphcation frameworks generally consist 01 one or ^. . . • , r • . ^„ *i^A * J-^*^, ^'>'> • 

„ Z 1- L* the printing interface 424 is transmitted to printer 422 is 

more object layers on top of a monohlhic operating ^^^^^ ^ ^^^^^ ^^^^^ ^ ^^Hcal^r, printing 

systen. and even with the flexibihty of the object layer it is ^^^^^^^ ^^4 generates an entity called a document foHo 

still often necessary to directly interact with the underlymg ^^^^^ schematically as document folio 500 in HG. 5. The 
operatmg system by means of awkward procedural calls. 15 ^^^^^^^ ^^^.^ ^^^^^^ ^^^^^^ ^^^^^ ^^^^ ^^j^^^ 

In the same way that an application framework provides objects that define textual images, objects that define graphi- 
the developer with prefab functionality for an application ^al images or a combination of the two, aU formatted and 
program, a system framework, such as that included in a arranged in a manner specified by the application program, 
preferred embodiment, can provide a prefab functionality ^hg document folio information is provided, as indicated by 
for system level services which developers can modify or g^row 512, to the spooling system 501 by presentment to the 
override to create customized solutions, thereby avoiding ^^^^ channel 502. Print channel 502 is an object which is 
the awkward procedural calls necessary with the prior art created to transport the information to an appropriate printer, 
application frameworks programs. For example, consider a p^nt channel uses a print job description and a printer 
printing framework which could provide the foundation for identification provided by the application program to trans- 
automated pagination, pre-print processing and page com- printable information to the appropriate printer, 
position of printable information generated by an application j^^^^^ specificaUy, after the print channel 502 receives a 
program. An appUcation software developer who needed ^^^^^^ -^^^ transmits the printable information to a 
these capabilities would ordinarily have to wnte specific spooler program 518 as indicated by arrow 514. Spooler 518 
routines to provide them. To do this with a framework, the receives the incoming information stream and stores it, in 
developer only needs to supply the charactensUcs and incoming order, in an intermediate storage location 522 as 
behavior of the finished output, while the framework pro- indicated by arrow 520. Print channel 502 then sends a 
vides the actual routines which perform the tasks. notification to a print server program 506 via a link 504, 

A preferred embodiment takes the concept of frameworks which notification informs print server program 506 that a 

and applies it throughout the entire system, including the new print job exists. The print server program 506 is a 

application and the operating system. For the commercial or standard program which monitors all print jobs that have 

corporate developer, systems integrator, or OEM, this means been created and also checks the available printers to 

all of the advantages that have been illustrated for a frame- determine their status. 

work such as MacApp can be leveraged not only at the Once a print job has been completely spooled or stored in 

application level for such things as text and user interfaces, intermediate storage 522, the print server 506 notifies a 

but also at the system level, for services such as printing, ^^j^^^j. handler 510 by means of a link 508. The printer 

graphics, multi-media, file systems, I/O, testing, etc. handler 510 is a type of printer driver which controls and 

FIG. 4 shows a schematic overview of a computer system drives a specific printer; its purpose is to convert textual and 

utihzing the object-oriented printing interface that uses the graphical objects into printer readable form for any particu- 
present invention. The computer system is shown generally 45 lar printer type — to create a printer data stream, indicated 

as box 400, and an application program 402 and an operating schematically by arrow 530, Typically, a printer handler can 

system 406 are provided to control and coordinate the only process one print job and any other jobs that are created 

operations of the computer. Application program 402 com- and directed towards the associated printer are queued for 

municates with operating system 406 as indicated by arrow later processing. The printer handler contains a de-spooler 
404. However, in accordance with an embodiment of the 50 program (indicated as box 516) which retrieves the spooled 

invention, rather than communicating directly with a stan- data from intermediate storage 522 (as indicated by arrow 

dard interface, such as grafporl 410, application program 524) and provides the information, as indicated by arrow 

402 can now communicate with operating system 406 at a 526, to an imaging engine schematically illustrated as box 

higher level when it wishes to print information. TTiis latter 532. The imaging engine 532 converts the incoming data 
interaction is accomplished by providing an object-oriented 55 stream into the command signals which are necessary to 

printing interface shown schematically as box 424. Thus, the drive the printing elements to produce the final printed 

application program 402 sends graphic objects to the object- document. The string of commands make up the printer data 

oriented printing interface 424. These graphic objects stream 530. The printer data stream 530 is provided to the 

include those that define both textual and graphical images. actual print device indicated by box 528 for printing. 
Printing interface 424 responds to these objects in order to go These command signals are printer dependent. Many 

perform various formatting and pagination functions. The different printers support one or more common page descrip- 

formatted information is then transmitted to a grafjport 410 (ion languages (PDLs) such as PostScript or PCL. The 

as indicated schematically by arrow 426. printer command primitives provided by the PDL must 

In any case, the information flows through grafport 410, include a primitive that provides the printer with the ability 
and as indicated by arrow 412, is provided to a printer 65 to receive a pixel map to be printed. Example PostScript PDL 

handler 414. Printer handler 414 is similar to printer drivers commands that would provide this facility are the "image" 

previously described. However, it is "intelligent" and offers and "imagemask" commands. 
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A pixelmap is a rectangular array of pixels as shown in User's Model of EVinting 

FIG, 8 by the box 801 surrounding the pixelated image 802. A reference to a printer in a preferred embodiment really 

Each pixel, one of which is indicated by 803, potentially has mean a printer model and its associated files, which includes 

a characteristic such as color or intensity but which may be the printer handler A model is a class that is subclassed from 

as simple as a binary value. For this example, the group of 5 an existing class. Since all user visible entities on a system 

three pixels al 804 are intended to be transparent. are models, or the mterface presented by them, it makes 

Some graphical objects may have the characteristic that sense to talk about a printer this way. Each printer model 

they cannot be directly imaged by the PDL supported by the keeps its persistent data (job queue, configuration, etc.) in its 

print device 528. The instant invention is a means to detect model store. The model store provides a way for a model to 

these objects— non-imageable objects— and to transform create separate files that it alone manages. It has protocol for 

them into a group of imageable objects so that the desired interfacing to a file system. The printer "component" has 

image corresponding to the object is printed. This is the certain dependencies that must be satisfied when it is moved 

subject matter of the instant invention and is further between machines or enclosed in a business card. A printer 

described below. is typically dependent on its personality document, the 

Once a print job is completely printed, the printer handler shared library and archive for the system classes Uiat imple- 

510 checks its queue for another print job and, if a job is ment the printer, and the shared library and archive for the 

present, begins processing it. Alternatively, if there are no developer supplied customizations 

new print jobs to process, the printer handler becomes When a user "installs" a prmter handler m the system, it 

inactive. After a particular print job is completed, the is immediately available for direct connect devices or m the 

information stored in intermediate storage in 522 is deleted network browser for network devices This processing is 

and the storage is reclaimed. As an option, the storage can 20 facilitated by creatmg a physical model for a direct connect 

be retained until a user expUcitly deletes the storage. device and a service adapter is "registered" for a network 

The printer handler framework facilitates creation of device. A physical device object represents a real device that 

frameworks for different types of printers like PostScript can be connected directly to the computer (as opposed to 

printers, raster, vector, and PCL printers. A preferred available on the network). It is capable of creatmg a subclass 

embodiment provides a framework that is extensible so that 25 that represents the device, A service adapter indicates the 

new printers can be added to the system very easily. This directory protocols (AppleTalk Name Binding Protocol 

includes printers with new imaging models, communication (NBP), Domain Naming System (DNS) etc) and service 

protocols, etc. The preferred embodiment also provides a identiJSers (LaserWriter) it can handle and is called on by a 

framework that does roost of the work to support a printer directory service to create a model for a service available on 

and at the same time provides enough flexibility for devel- 30 a physical directory. To print to a direct connect device, a 

oper customization. The preferred embodiment also allows user connects the printer to the computer (for serial devices) 

developer customization at various times during the printing and then drags a document to it. To print to a network device, 

process. Customization occurs at the desktop printer level either the document is dragged to the printer in the network 

for presenting device specific user interface, at print time for browser or the printer is dragged to the desktop and then the 

setting print time features (like duplex printing, multi-bin 35 document is dragged to it, 

paper feeding, etc.), at imaging time, by providing a way to Printer Personality Document 

access the device at the beginning/end of document and A personality document is supphed by the device manu- 
page, and by providing a way to customize rendering of facturer. The printer personality "document" contains 
graphics model primitives. Finally, at the device level to instances of objects, just the data, that implement a particu- 
support different communication protocol(s). 40 lar printer. In other words, it is a shared library without 
Clients code — just the archive. Examples of objects in the person- 
All printer manufacturers are clients of the printer handler ality document are the printer configuration, printer 
framework. A client uses a framework to design PostScript, resolution, print job description which specifies the print 
raster, vector, and PCL printer handler frameworks. Devel- time options available on the printer, and the print device 
opers start from one of these special types of frameworks 45 object that converts the graphic data into the printer's 
and customize it for their printers. For example, a PostScript imaging model. FIG. 6 shows how the personality document 
printer developer (like QMS or Linotype) would use the is used by different parts of the printing system 600. The 
PostScript printer framework, a plotter developer (like personality document 601 supplied by the developer is used 
CalComp) would customize the vector printer handler in read-only mode by the printing system 600. The desktop 
framework. 50 printer 605 and the printer handler 603 "read" this document 
Architecture to access its personality objects polymorphically. The desk- 
The desktop printer is the only user visible part of the top printer 607 accesses the printer personality document 
printer. All user actions (commands) related to the printer are 601 as shown by arrow 612 to obtain printer dialogs. The 
handled by this object. When a document is to be printed, it desktop printer 607 communicates with the physical printer 
is dragged to the printer icon (or the Print item is selected 55 605 indicted by arrow 608 to obtain the physical printer's 
from the system wide menu). Tliis starts the printing process configuration, setup, and other similar printer information, 
by first spooling the document by packaging it as a print job. The desktop printer 605 maintains the dynamic state of the 
Spooling is a process of streaming the graphic description of printer, the print job queues, stams, and other relevant 
a document to the disk so it can be imaged later (possibly in information in the printer's persistent slate 604 as indicated 
a different task) to the actual printing device represented by 60 by arrow 609. This information in turn is accessed by the 
the desktop printer. The spooled print job is stored in the printer handler 603 as shown by arrow 610. Printer handler 
printer's persistent data which consists mainly of the print 603 converts the queued data into a form suitable for the 
job queue and the printer's dynamic configuration. After the physical printer 605 and sends the converted data to the 
printjobisspooled, the printer handler is sent a message that physical printer 605 as schematically indicated by arrow 
there is a print job for it to process. The printer handler picks 65 611. 

up the print job, despools it, converts it to the printer's native A printer personality document provides the printer's 

imaging model and sends it to the printer attributes. One of these attributes is a complexity threshold. 
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.This threshold may be determined from other attributes of 
*the printer such as the printer model, memory capability and 
page description language (PDL). The graphic primitives 
that can be used with the printer are determined from the 
page description language used with the printer. To imple- 
ment the instant invention, the PDL must support a pixelmap 
primitive. TTiis primitive provides the facility for transmit- 
ting a pixel by pixel representation of a portion of the image 
to be printed to the printer at the resolution of the printer. 
This primitive allows a pixelmap, as illustrated in FIG. 8 at 
801 to be inserted into the printer data stream 611. 

The analogy of a printer model and its personality to an 
application and its document implies that a printer model 
can "read" many personality documents. However, in most 
cases there is only one personality document 601 per printer 
because a printer model represents one physical printer 605. 
In the case where the user has more than one printer of the 
same type (for example, two LaserWriter Ilg printers), one 
personality document may be "shared" by multiple printers. 
The desktop printer 607 obtains user interface objects from 
the personality (the objects that present the user with printer 
configuration, features and settings that can be manipulated). 
The printer handler 603 gets imaging objects from the 
personality and calls on them to reproduce the document on 
the printer 605. Once the printer's dynamic state is added to 
its persistent store 604, both the desktop printer 607 and the 
printer handler 603 refer to it for the printer's configuration. 
A personality document 601 is created for each type of 
printer that a printer handler 603 is created for. The docu- 
ment is created and given to the developer of that type of 
printer. The developer can "edit" the instance data of objects 
or replace them with the printer specific implementations. 
Printer Handler 

FIG. 7 details the printer handler components and their 
interactions in accordance with a preferred embodiment. 
The printer handler server team is started by the desktop 
printer when a print command is initiated by either dragging 
the document to it or selecting the Print command from one 
of the menus. The printer handler program creates a dispatch 
giving it a dispatcher and a message stream to be used as a 
transport between the client and the server. The dispatch task 
combines the transport and the dispatcher to create the 
printer handler ser\'er. 

There is one printer handler task per physical printer. The 
printer handler consists of a dispatcher and an imaging task. 
The dispatcher is a task that handles requests to print jobs 
and sends them to the imaging ta.sk so that the server task is 
free to handle other requests (more print jobs, status queries, 
notification, etc.). The printer handler architecture allows for 
more than one task working on print jobs. Instead of having 
only one imaging task, the printer handler dispatcher can 
have a pool of tasks that access the job queue and pick up 
a job to process. This way, the printer handler can be 
processing multiple jobs at the same time. If the target 
printer can accept only one job at a time, only one imaging 
task will be talking to it at a given time. The multiple 
imaging tasks model works well when the destination is a 
spooler that can accept more than one job at a time. Each job 
in the queue will know the task that is processing it so things 
hke abort, pause, etc. can function properly. 
Printer Handler Server 

The printer handler task is started by the desktop printer 
when a print command is initiated by either dragging the 
document to the printer icon or selecting the Print command 
from one of the menus. The desktop printer has a client class 
that starts up the server. The client class provides the 
protocol for calling "remote" procedures that are imple- 
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menled in other objects, tasks, or servers. The printer 
handler program creates a transport and a dispatcher to 
create the printer handler server. 

There is one printer handler task per physical printer The 

5 printer handler consists of a dispatcher and an imaging task. 
The dispatcher handles requests to print jobs and sends them 
to the imaging task so that the server task is free to handle 
other requests (more print jobs, status queries, notification, 
etc.). The instant invention is within the imaging task. The 

10 printer handler architecture allows for more than one task 
working on print jobs. Instead of having one imaging task, 
the printer handler dispatcher has a pool of tasks that access 
the job queue and pick a job to process. This way, the printer 
handler can be processing multiple jobs at the same time. If 

15 the target printer can accept only one job at a time, only one 
imaging task communicates to it at a given time. The 
multiple imaging tasks function efficiently when the desti- 
nation is a spooler that can accept more than one job at a 
time. Each job in the queue understands the task that is 

20 processing it so things like abort, pause, etc. are managed 
properly. 

Printer Handler Imaging Task 

The printer handler imaging task receives one print job at 
a time. It uses the developer customizable imaging objects 

25 to convert the source description of the document into a 
stream of data targeted for a particular printer. The portion 
of this task that is relevant to the invention is illustrated in 
FIG. 15. The imaging task obtains a spool file, shown 
schematically by arrow 1501, from the print job queue — the 

30 fiinction of the de-spooler 1502 — and passes it to the printer 
device object, TPrinlDevice 1503. The printer device object 
1503 reads the spool file and extracts individual pages from 
it and directs the conversion of the individual pages into the 
printer's imaging model using the printer's PDL. The imag- 

35 ing objects also perform the task of mapping the attributes 
requested by the print job (page size, media, color, fonts, 
etc.) to features actually available on the printer. This 
processing is achieved by consulting the printer's dynamic 
state maintained by the printer handler. 

40 The imaging objects produce an output stream — the 
printer data stream 1516 — that is sent to the output device. 
The framework for a specific type of printer defines an 
appropriate class. For example, the PostScript printer han- 
dler framework defines a class whose subclass talks with a 

45 printer using the Apple Talk Printer Access Protocol (PAP). 
A TCP/IP based printer can be easily supported by subclass- 
ing the same class. 

Architecture of a Preferred Embodiment 

A preferred embodiment addresses the problem of con- 

50 verting extremely functional graphical objects into less 
functional display device primitives. An example printer 
device is illustrated in FIG. 16. Graphical objects 1602 are 
sent to a spooling system 1603 as indicated by arrow 1602. 
The spooling system 1603 converts the graphical objects 

55 1602 into printer command primitives 1605 that are sent to 
printer 1606 as shown by arrow 1604. Graphical objects 
1602 consists of two types of objects, non-iraageable objects 
1607 and imageable objects 1608. I mage able objects 1608 
are directly transformed into printer command primitives 

60 1605. Non-imageable objects 1607 cannot be directly trans- 
formed into printer command primitives 1605 and require 
significant processing to transform these graphical objects 
1607 into printer command primitives 1605. 

A preferred embodiment utilizes a process where the 

65 printer device object 1503, described above and illustrated 
in FIG. 15, determines which graphical images are non- 
imageable by the printer device, determines the complexity 
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of the non-imageable graphical object and analyzes the best 
method to convert the non-imageable object to imageable 
object(s). The following description is directed toward a 
PostScript capable printer, but as would be recognized by 
one skilled in the art, the description and the invention are 
not limited to PostScript capable printers, and supports 
display devices. 

PrintServer 506 in FIG. 5 sends a notification to TPrinter- 
Handler 1504 that a print job exists in its queue. TPrinter- 
Handler 1504 opens the spooled file on the intermediate 
storage 522 device using de -spooler 1502 and passes the 
spooled file to TPrintDevice 1503. TPrintDevice 1503 reads 
the spool file, and sends the graphical objects — a page at a 
time — to TPostScriptGrafDevice 1506 (as shown schemati- 
cally by arrow 1505). TPostScriptGrafDevice 1506 ignores 
non-imageable objects, but converts the imageable objects 
in the page into PostScript PDL commands that make up the 
printer data stream 1516 that is sent to print device 1517, 
The page is then passed to the TPostProcessingGrafDevice 
object 1514. TPostProcessingGrafDevice 1514 at box 1508 
rereads the page*s graphical objects searching for non- 
imageable graphic objects. If the page consists only of 
imageable objects, the page definition for the printer data 
stream is closed as shown schematically by arrow 1518. If 
the page contains a non-imageable graphical object, the 
graphical object and its bounds are saved and its complexity 
initialized. 

The complexity is further adjusted by detecting which 
imageable objects, previously defined in the page, intersect 
with the non-imageable object. TPostProcessingGrafDevice 
1514 at box 1508 rereads the page graphical objects once 
again to detect which of the imageable objects intersect with 
the bounds of the saved non-imageable graphical object. The 
complexity of the non-imageable object is increased for each 
intersection depending on the complexity of the object 
intersecting the bounds of the non-imageable object. Thus, 
developing a measure of complexity and an association of 
what imageable objects interact with the non-imageable 
object for that page. This continues for all non-image able 
graphical objects defined in the page. 

Once all of the page's non-imageable graphical objects 
and the imageable objects that intersect with the non- 
imageable objects have been analyzed, the complexity of 
each saved grouping is compared to the complexity thresh- 
old of the printer. If the complexity is more than the 
threshold, the saved grouping is sent to the Nativelmager 
object 1510 as shown by arrow 1509. Otherwise, the saved 
grouping is sent to the OutlineMakerVertexEngine object 
1513 as shown by arrow 1512. The complexity is deter- 
mined by the number of line segments required to draw the 
image. Because the printer has limits on the number of line 
segments per page (this limit is one of the components used 
to determine the printer's threshold) attempting to draw 
more line segments than that limit will cause errors in the 
resultant printed image. Thus the invention monitors the 
number of line segments per page (the complexity) and 
compares this with the capabilities of the printer (the 
threshold). 

The Nativelmager object 1510 constructs a rectangular 
pixelmap of the image, in RAM 306, defining each pixel the 
image to be printed. This pixelmap is created at the resolu- 
tion of the printer as determined from the Printer Personality 
Document and/or the Printer's Persistent Data. The Native- 
lmager object 1510 also defines a clipping region that 
outlines the image within the rectangular pixelmap. This 
clipping outline is used to effectuate only the image defined 
within the rectangular pixelmap instead of the entire rect- 
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angular pixelmap so that the pixelmap can be applied 
without afifecting the prior images that overlap the rectan- 
gular area of the pixelmap but that do not intersect with the 
image contained within the pixelmap. This rectangular pix- 

5 elmap and a chpping outline are appended to the printer data 
stream 1516 for the page by sending the rectangular pixel- 
map and clipping outline to TTostScriptGrapfDevice 1506 
as shown schematically by arrow 1511. 

FIG. 8 shows a pixelmap 801 containing a pixelated 

10 complex image 802. This image is for illustration only, it is 
not intended to indicate a high complexity image. The pixel 
indicated by arrow 803, although part of the pixelmap, is not 
needed to render the pixelated image 802. In fact, if the 
pixelmap 801 is actually applied over an existing image in 

15 a manner that applies pixel 803, pixel 803 could obscure the 
underlying image. The affect of this is shown in FIGS. U 
and 12. In FIG. 11, box 1106 indicates the partially imaged 
page that already contains lines 1107 and 1108. Box 1101 
indicates where the pixelmap will be placed and showing 

20 that the pixehnap will overlap parts of lines 1107 and 1108. 
FIG. 12 shows the result of placing the pixelmap 1201 over 
the partially imaged page 1206 showing that lines 1207 and 
1208 are obscured by pixelmap 1201. 

FIG. 9 shows a clipping region 905 surrounding the 

25 pixelated complex image 902. FIG. 10 shows just the 
clipping region 1005. The purpose of developing clipping 
region 905 is to allow the rectangular pixehnap 1201 to be 
applied to the page without affecting any area of the page 
other than the area of the complex pixelated image 1202. 

30 As mentioned above, FIG. 12 shows image 1206 that 
would be partially covered by rectangular pixelmap 1201 if 
the pixelmap were simply applied over image 1206. With the 
clipping region 1205 applied to the pixehnap 1201 only the 
portion of the pixelmap 1301 that actually contains the 

35 image is composited into the image 1206. For example, line 
segment 1207 would have been overlaid by the appfication 
of the pixelmap if apphed without the clipping region. Thus 
obliterating portions of line segment 1207. Because of the 
gap 1204 is transparent, portions of line 1208 must be 

40 included in the pixelated iniage 1202. 

FIG. 13 demonstrates the result obtained by clipping 
pixelmap 1301. Now line 1307 is not affected by the 
application of pixelmap 1301. However, line 1308 is 
affected as the line segment 1309 is still obliterated by 

45 clipping region 1305. Thus in the generation of the pixelated 
image such as 802 shown in FIG. 8, previously imaged 
objects that intersect with image 802 must also be imaged 
into the image 802. Thus resulting in the image shown in 
FIG. 14. 

50 FIG. 14 shows the final composited image 1406. Now 
because of the insertion of line segment 1409 into the 
pixelated image 1402, the image is complete. The doited box 
1401 indicates the placement of the pixelmap, but the dotted 
lines are not part of the composited image. Thus, the 

55 non-imageabie object has been transformed into a collection 
of imageable objects corresponding to the original object 
1519. 

The OutlineMakerVertexEngine object 1513 transforms 
the original graphical object into a collection of imageable 

60 objects corresponding to the original object 1519 that can be 
processed by TPostScriptGrapfDevice 1506 as compared to 
the original graphical object that cannot be processed by 
TPostScriptGrapfDevice 1506. This collection of objects is 
sent to TPostScriptGrapfDevice 1506 as indicated by arrow 

65 1515 where the imageable objects are converted into Post- 
Script and appended to the printer data stream 1516 for the 
page. 
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FIG. 17 is a flow chart representation of the embodiment intersecting portions of the intersecting objects to the pixel 
•'described above. Terminal 1701 is entered when the spool- map. The pixel map is converted to a pixel object in step 
ing system notifies the printer handler imaging task that file 2004. Step 2005 creates a clipping object that outlines the 
is ready to print. In step 1702, the file is opened and passed pixelated image of the non-imageable object and the inter- 
to step 1703. Step 1702 continues to administrate additional 5 secting portions of the associated objects. This clipping 
notifications from the spooling system of any additional files region is finally converted to a clipping object in step 2006. 
to be printed. After the current file is completely processed. Processing returns through terminal 2007. 
step 1702 opens the next queued file and repeats the opera- Pnnter s Persistent Data ■ , , 
tion described below. If no additional files are to be printed .^h^ prmter handler is responsible or keepmg track of the 

. . ^„ pnnter s persistent data, in particular, its job queue and 

the pnnter handler imagmg task becomes quiescent. lO ^ ^^^^ ^ ^^.^ ^^^^^^ contains things like the 

Step 1703 reads the file and indicates page boundaries ^^^^^^^ media/tray seiting, current color mode (2, 3 or 4 

withm the file. The mformation for each page is passed to ^^^^^^ resolutions (for variable resolution printers), 

step 1704. Step 1704 sends the page date to the PostScnpt- gince each printer would want to save different things in 

GrafDevice object where the page date is converted to the dynamic state, there is a class that developers can 

PostScript page description language (PDL). The same page 15 subclass to add printer specific features. For the most part, 

information is sent to step 1705 where any non-imageable it is this class that will be streamed out to the printer's 

. graphical objects are transformed into imageable graphical persistent data store. The default implementation of the 

objects and, as will be shown below, transformed into the persistent data store will be a dictionary, although the 

PostScript PDL. Finally, step 1706 closes the PDL page, and developer is free to use some other storage scheme. Since 

the next page is processed starting at step 1703. This process 20 the printer's state is persistent, the printer handler can be 

repeats for all pages in the file. When the file is completely easily restarted in case of a crash or system shutdown, 

processed, step 1703 communicates with step 1702 to begin The printer state, which is part of the printer model's 

processing the next spooled file if any. store, is updated when the printer handler images a job to it 

The details of step 1705 are shown by the flowchart and finds that the state has changed. This scheme works 

shown in FIG. 18. Processing starts at terminal 1801. Step 25 when the printer handler has two-way communication avail- 

1808 examines each graphical object in the page. Decision able with the printer. In cases when two-way communication 
1804 determines whether the object is an imageable or is not available, the printer handler will rely on the printer's 
non-imageable object. If the object is imageable, the next static configuration. 

object is examined. Alternatively, processing continues at Printer Personality Document Excerpts 
step 1806 where the non-imageable object is stored, its 30 following are selected entries from an Adobe Post- 
bounds determined by step 1807, and the complexity of the Script Printer Description File which illustrates the features 
non-imageable object initiahzed by step 1802. Next step of the PPD that can be used to determine a PostScript 

1809 examines aU previous objects in the page to determine printer's attributes, 
which objects intersect with the bounds of the non- 
imageable object saved in step 1806. This determination is 35 . — — 

made at decision 1811. If an object is found that intersects *FormaiVersioo: "4.0' 
the bounds of the non-imageable object, the non-imageable 

objects complexity is updated at step 1812 and the inter- -ilngllgeVeVsio'^En'^rsh" 

secting object is associated with the non-imageable object in *Produa: "(LaserWriter Personal NT)" 

step 1810. This process repeats until all the objects in the 40 *PSVersion: "(51.8)0" 

page prior to the non-imageable object are examined, the •ModeiName: "Apple UserWriter Pei^imi NT' 

; r . . ti . • t -J J 11 • NickNa me : "l^erWnter Personal NT v5 1.8" 

complexity of the non-unageable object determmed, and all 

intersections with prior objects with the non-imageable 

object associated with the non-imageable object. Step 1805 ITie above excerpt provides basic information regarding 

transforms the non-imageable object into the PDL as will be 45 the format of the PPD and specific information about the 

described below. After the non-imageable object is associated printer. Specifically, the product name and the 

transformed, the process continues at step 1808 until the version of PostScript supported by the printer, 
entire page is examined. 

FIG. 19 contains a flowchart detailing the operation of 

step 1805. Entry is through terminal 1901. Decision 1902 50 ;L"402367-'" ™=«»=~ 

compares the complexity of the non-imageable object to the •LanguageLevcl: "i" 

complexity threshold of the device associated with the •ColorCtevice: False 

printer handling imaging task. If the complexity is below the ' [>feuitColorSpace: Gray 

threshold, processing continues at step 1904 where the ^FUeSystemrp^it^' ^''"^ 

non-imageable object is decomposed in to a collection of 55 ^Throughput: "4" 
imageable objects. These imageable objects converted to the 

PostScript PDL by PostScriptGrafDevice as indicated by *[>fauitResoluiion: 300dpi 

step 1905. Alternatively, if the complexity of the non- 

imageable object is not below the threshold, processing 

moves to step 1903 where a pixelated image is created from 60 ^fhe above provides specific information regarding the 

the non-imageable object and its associated intersecting characteristics of the printer. These include the "FreeFM" 

objects. The pixelated image and clipping region objects are which limits the complexity of a PostScript job. The "Lan- 

also converted to the PostScript PDL at step 1905. Finally, guageLevel" value determines what printer coram and primi- 

processing returns through terminal 1906. lives are supported by the printer and how many line 

Processing for step 1903 is shown by the flowchart on 65 segments are aUowed in a path, and the total number of fine 

FIG. 20. Entry is via terminal 2001. Step 2002 creates a pixel segments allowed on a page. The above also indicates the 

map of the printer non-imageable object. Step 2003 adds the printer's default resolution. This value is used to determine 



* File Version: "2.8" 
PCFileName: "A_PNT518.PPD" 



5,857,064 



19 



the size of a pixelmap that will hold a non-imageable object. 
Additional information includes whether the printer is a 
color device, whether the printer includes its own file 
systena, and the printer*s maximum throughput in pages per 
minute. 
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Printer Handler Classes 



A discussion of the classes that implement the printer 
handler framework is provided below. 



TPrintcrFIandlcr 



class TPrintcrHandJcr : public MRcmotc Dispatcher { 
public: 

TPrinlerHandler ( ); 

virtual-TP rill tcrHandIe;( ); 
private: 

// Server Requests 

// Every XXXRcqucst method unflattcns arguments, if any, and then 
// calls the corresponding HandleXXX method. It then calls 
// ReturnSuccess and flattens results to the result stream. 
//Job Queue Management 
// Requests that app\y to all jobs in the queue 

void GctAlIjobsRequest ( ); 

void AborlAlUobsRequest( ); 

void DeferAllJobsRequest( ); 

void UndcgcrAllJobsRequest( ); 

void DeferAllJobsUntilRcquest( ); 
// Requests that apply to one job in the queue 

void AddJobRequest( ); 
// RcmovcJobRequcst will abort the job if it is currently being processed. 
// Otherwise, the job will be removed from the queue. 

void RemoveJobRequest( ); 

void PauscJobRequest( ); 

void DcferJobRequest( ); 

void UndefcrJobRequest( ); 
// Update printer's state 

void Update Dyna micPrinter Da taRequest( ); 
// return status of a job 

void GetSlalusOOobRequest( ); 

// 

// Subclasses can override the following HandlcXXX methods. 
// HandleXXX are called from the corresponding request methods. 

// 

// Job Queue Management 
// Requests that apply to all jobs io the queue 
virtual void HandleGetAllJobs( ); 
virtual void Handle AbortAJlJobs( ); 
virtual void HandleDeferAlUobs( ); 
virtual void Han dleUn defer AllJobs( ); 
virtual void HandleDefcrAlUobsUntil( ); 
// Requests that apply to one job in the queue 
virtual void HandleAddJob( ); 

// RemoveJobRequest will abort the job it it is currently being processed. 

// Otherwise, the job will be removed from the queue. 

virtual void Handle RemoveJob( ); 

virtual void Handle Pause Job ( ); 

virtual void HandIeDeferJob( ); 

virtual void Handle UndeferJob( ); 

// Update printer's state 

virtual void HandleUpdateDynamicPrinterData( ); 

// return status of a Job 

virtual void HandleGetStatusODob( ); 

// for TPrinterHandleiCaller only 

tjpedef enum { 

kGetAllJobsRequest, kAborlAllJobsRequest, kDeferAILJobsRequest, 
kUndcferAllJobsRequest, kDeferAlUobsUn til Request, 
kAddJobRcquest, kRemovcJobRequest, kPauseJobRequest, 
kDe fer Job Reques t, kUnde f er Job Request, 
kUpdateDynamicPrinterData Request, 
kGetStatueRequest 

}; 

friend class TPrinterHandleiCaller, // so it can use enums above, 
protected: 

// Get the imaging task to send jobs to 

virtual TPrinterlmagingTask* GetImaging'T^sk( ); 

// Get the job queue for this printer 

virtual TDeque* GetPrinaobQueue( ); 

// Methods to communicate with the imaging task 

// 
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TPrinterHandler is a base class that provides protocol for 
•dispatching server requests. The corresponding client class 
TPrinterHandlerCaller is described later. TPrinterHandler 
maintains a job queue for the printer. This queue is sema- 
phore protected to allow concurrent access by the printer 
handler and an imaging task. 

GetlmagingTask creates a TPrinterlmagingTask giving it 
an exchange to communicate with (an exchange provides a 
place to send messages to and receive messages from). 
TPrinterlmagingTask is given one job at a time to process 
(by AddJobRequest). When the job is finished, it notifies the 
printer handler so it can decide what to do with the job. 

GetStatusOfJobRequest returns status of a job in the job 
queue. For the job being processed currently, the status 
reported is the "global" job status described earlier. There 
are two ways this could be implemented. One way is for the 
TPrintDevice subclass to post the status (perhaps a TText) 
periodically at a global location which the printer handler 
returns to the client in GetStatusRequest method. Another 
way is to implement a helper task to get status from the 
TPrintDevice subclass. For any other job (not currently 
being processed), the status that is returned might be the 
number of pages in the job (if that's appropriate), how far 
down the queue this job is, etc. 



TPrinterHaDdlcrCallcr 

class TPrinterHandlerCaller : protected MRemoteC^llcr { 
public: 

TPrmlerHaiidlerCallcr(TScnderTransport*); 
virtual-TPrinterHandlerCaller( > 
// Remote requests 

// These are called by TPrinterModel's command handlers 
virtual TPrinlJobQueuc* CreateJobIterator( ); 
virtual void AbortAJlJobs( ); 

DcfcrAllJobs( ); 
UndcferAlUobs( ); 
DeferAllJobsUntil( ); 
AddJob(TPrinJobSurrogate&); 
RcmovcJob(const TTrintJobSurrogate&); 
PauscJob(const TPrintJobSurrogate&); 
De ferJ obRequest (co ns t TPri n JobSm rogate&); 
UndeferJobRequest(cons t TPrintJobSurrogate&); 
GetStatus(TText&); 



}; 



virtual void 
virtual void 
virtual void 
virtual void 
virtual void 
virtual void 
virtual void 
virtual void 
virtual void 
// 

MRemoleCallerDeclarationsMacroCTPrinterHandlerCallcr); 



A ITrinterHandlerCaller is instantiated in the printing 
task (the task that initiates printing, probably a compound 
document) by the TPrinterModel. It uses a U-ansport to send 
a request to the printer handler task. The transport can be 
local or remotely located. Thus, the printer handler to be on 
a remote machine. A reference to an already-registered 
service (like a network printer) required by the transport is 
known to the printer that the document is being printed on. 
When the printer handler is remote, TServiceReference is 
obtained from the network. 
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TPrinterHandlerCaller's methods are called by the printer 
model's commands which are called by the document 
framework in response to user actions. 



TPrinterlmagingTask 

class TPrintcrlmaging'I^sk : public TTaskProgram { 
public: 

TPrinterlmagingTask (TIPCExchangc*); 
virtual --TPrintcrImagingTask( ); 

// TTaskProgram override 
virtual void Run( ); 

// Support methods to handle different types of messages from the 
// Printer Handler. 

// The messages that this task wiJl receive are: 
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AborUob 
PauscJob 
GetStatus 
ProccssJob 
eta 
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TPrinterlmagingTask, which is created by the printer 
handler, performs the task of imaging print jobs and sup- 
plying progress information for the same. The constructor 
receives a TIPCExchange that the imaging task uses to 
communicate with the printer handler. As far as the com- 
munication between the printer handler server and the 
imaging task is concerned, there are two possibilities. One is 
to use the exchange to receive messages and dispatch them 
based on the message id that the printer handler attaches to 
the header. Another way to do Inter-Process Communication 
(IPC) is to use wait groups to handle the dispatching 
automatically when you provide message handlers for each 
type of message. The second method makes the implemen- 
tation more strucmred (avoids a switch statement) but 
involves writing more code.) 

ProcessJob gels a TPrintJobSurrogate as a parameter. 
Using the TPrintJobSurrogate, the imaging task gets to the 
print job. A print job has a reference to the printer's 
persistent data (a TDiskDictionary) that keeps the spooled 
image of the document, a reference to the printer that the job 
was targeted to, etc. The printer reference (lets call it 
TPrinterldentity) is actually a reference to the TPrinterMod- 
el's data. Using this data the imaging task can get to the 
TPrintDevice subclass for the printer. The imaging task gets 
the spool stream and the job description 
(TPrintJobDescription) out of the job's persistent data and 
asks the print device to process it. 



TPrintDevice 

class TPrintDevice : public MCollectible { 
public: 

virtual -TPri ntDc vice ( ); 
// Don't override these: override the HandleXXX methods tielow. 

virtual void RenderPrintRun(consl TPrintRun&,const TPrintJobDescription &, 

const TPrinterIdcnlily&); 
virtual void RenderPage(const TGrafRun& grafRun, const TPage Description*, 
//• MCollectible support 

virtual TStrcam& operator«=(TStream& from where); 
virtual TStream«aoperator»»CrStream& towhcre) const; 
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-continued 



TPriDtDevice 



virtual Boolean IsEqual(const MCollcctiblc ') const; 
protected 

TPriDtDcvicc& opcrator»(const TPriiitDcvicc&); 

// You can use these in the HandleXXX methods below to get current 

// page/Job information. 

virtual TPrintRun* GctPrintRun( ); 

virtual const TPrinUobDcscription' GctPrinUobDcscriplion( ); 

virtual TGrafRun* GctGrafRun( ); 

virtual TPagcDcscription* GetPageDescriptioD( ); 

// The following methods are called as a result of ReDderPrintRun( ). 

// Don*t call these directly: call Render PrintRun( ). 

// You may override these. If you override Begin/End PrintRun, then 

// be sure to call these base class methods as the first thing 

// in your override implementations. 

virtual void HandleBeginPrintRun( ); 

virtual void HandleRcnderPrintRun( ); 

// Default implementation goes through the printrun in 
// forward order and calls Render Page for each page. 

virtual void HaDdIeEndPTintRun( ); 

// The following methods are called as a result of RcndcrPage( ). 
// Don't call these directly: call RenderPage( ). 
virtual void HandleBeginPage( ); 
virtual void HandleRenderPage( ) = 0; 

// You must override this to convert the page to the printer imaging model, 
virtual void tIandleEndPage( ); 
protected: 

TPrintDcvicc( ); 

}; 



TPrintDevice converts a document to the printer imaging 
model. It provides an abstract interface to access page and 
job information and to process the job (a Print Run) and each 
page. Subclasses implement Handle RenderPage method to 
convert the page data to the printer imaging model. TPrint- 
Device is one of the objects that will be included in the 
personality document that the developer can edit or subclass. 
Therefore, it is possible for the developer to supply an 
implementation for converting the document to the printer 
imaging model. TPrintDevice is resurrected from the printer 
personality by the imaging task. RenderPrintRun is called 
with a TPrintRun, TPrinUobDescription, and a TPrinterl- 
dentity. RenderPrintRun calls HandleBeginPrintRun, 
HandleRenderPrintRun, and HandleEndPrintRun. The rea- 
son for providing the begin and end methods is so that the 



subclasses can send some global commands to the printer 
before and after the document is processed. The default 
implementation of HandlePrintRun goes through the print- 
run in forward order and calls RenderPage for each page. 
Subclasses can override this to "play** the document in any 
random order they like. RenderPage calls HandleBeginPage, 
HandleRenderPage and HandleEndPage. Again, the reason 
for providing the begin and end methods is so subclasses can 
send page level global commands to the printer. 

The TPrintJobDescription parameter, passed in the 
constructor, gives the user selected print time options. The 
print device maps the user's choice to what is actually 
available on the printer It uses the printer's configuration 
kept in the printer's persistent store (the printer identity 
object can be used to get to the persistent store.). 
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TPr in te rCon figuration 

class TPrinterConfiguration : public MCollectible { 
public: 

virtual~TPrinterConfiguratioD( ); 
// for static state of the printer 

virtual TPageI>escription& GetDefeuItPageDescription( ) const = 0; 
// subclcisses can return static or current state of the printer from 

// following methods, 
virtual TPageList& GetPageljst( ) const = 0; 

virtual TMediaList& GetMediaList( ) const = 0; 

virtual TResolutionUst& GctResolutionList( ) const » 0; 
virtual TRGBColor GetEngineColor( ) const = 0; 

// for dynamic state of the printer 

virtual TPage Description* GetCurrcntPageDescription( ) const = 0; 
virtual void SetPageList(TpageLisl&) = 0; 

virtual void SetMcdiaListCrMcdiaLisl&) = 0; 

\irtual void SctResolulion(TResolution&) = 0; 

virtual TStieamA opera tor «=(Tstrcam& fromwhcre); 
virtual TSlream& opera tor»=(TStrcam& towhere) const; 
virtual Boolean IsEqual (const MCollectible*) const; 
virtual long Hash( ) const; 



5,857,064 

25 26 

-continued 



TPrintcrConfiguration 



protected: 

TPrmterConfiguration( ); 

TPrmtcrConfiguration&opcrator=(const TPrmtcrConfiguratioQ&); 

}; 



TPriDterConfiguration is an abstract base class for a 
printer's state. It is part of the printer's persistent data kept 
current by the printer handler. Subclasses can store the actual 
configuration data in a file of their choice (e.g. dictionary, 
flat stream, etc.). For example, TPSPrinterConfiguration will 
use PPD files converted to a disk dictionary to keep con- 
figuration data. TPrinterConfiguration defines a protocol that 
provides for setting and getting configuration items such as 
page sizes, media, resolution(s), etc. When a printer is first 
available for use, its persistent store (a TModelStore) is 



10 The lists returned by getters (TPageList, TMediaList, etc.) 
are implemented using C++ templates. As mentioned earlier, 
each type of printer has a subclass of TPrinterConfiguration 
that returns the printer's static configuration. This is 
streamed into the personafity document which is given to the 
developer of that type of printer. The developer typically 
will edit the configuration instance (that is, the fields of the 
particular TPrinterConfiguration class) to include the print- 
er's data. 



TPrinUobDescription 



class TPrintJobDescription : public MCollectiblc 
{ 

public: 

MConcctibleDeclarationsMacro(TPrinlJobDescnption); 
public: 

TPrinaobDescriptioiiCrPriDterIdcntity&); 

TPrin tJobDescrip tion(const 

TPrin UobDescrip tion&); 
virtual ~TPriDtJobDescription( ); 
typedef enum EBanncrPage { cNo Banner, eBriefBanner, eWholeBanncr }; 
// 

// Description: These member ftinctions are pretty much self explanatory 
except for notes as added. 

// Requires : 

// Modifies : The Job's state is altered to reflect the requested 
// operation. 
// Eflfects 
// Raises 
// Override 
// 



All subclasses must override all virtual functions. 



virtual void SetCopies(unsigned long); 
virtual unsigned long GetCopies( ) const; 

virtual unsigned long GetpageCount( ) const; 

virtual void SetPageCount (unsigned long); 
virtual void SctCoverPagc(EBannerpage); 
virtual EBannerpage GetCoverPage( ) const; 
virtual void SetEnd Page (EBannerpage); 
virtual EBannerPage GetEndPage( ) const; 
// 

// Punt choice specifies what the user wants to do when the page sizes 
//don't match between the document and the printer. These options 
// are defined in Page Descript ion. h 


virtual void SeaobPuntChoice(EPuntOption choice); 

virtual EPuntOption Ge JobPuntChoice( ) const; 

// Get the printer that this PrintJobCtescription comes from 

virtual void GetPrinte ride ntity(TPrinter Identity &) const; 

// User interface. Equivalent to the classic Print Job dialog. 

virtual void EditSelf( ); 

// MCollectiblc support 

virtual TStream& operator«"(TStream& fromwhere); 

virtual TStrcam& operator»=(TStream& to where) const; 

virtual TPrinaobDescription& operator=(const TPrinUob Descript ion «&); 
virtual Boolean operator==(const TPrinJobDescriptionA) const; 

virtual Boolean IsEqual (const MCollectiblc' right) const; 

protected: 

TPrintJobDescription( ); // for Streaming 



created and TPrinterConfiguration is asked to write itself 55 
into the store. This becomes the printer's initial state which 
is updated when a print job is sent to it. 



TPrintJobDescription is a base class providing protocol 
for accessing/changing print time options Uke number of 
copies, cover page choices, punt options (what to do when 
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there is a mismatch between the document and printer page 6. The apparatus described in claim 5 wherein the ren- 

sizes), etc. Developers can subclass this to add features dering means comprises: 

specij&c to their device. The default implementation of means for rendering any intersections between the rect- 

TPrinUobDescription provides the choice of options com- angular pixelmap and a imageable object into the 

mon to all printers. The print job description gets streamed 5 rectangular pixelmap; and 

with a print job and is used by ITrintDevice (in the printer means for rendering a composite image of any intersec- 

handler task) to send appropriate commands to the printer tions between the clipping region and a imageable 

that implement the print time options. Each job description object into the rectangular pixelmap. 

knows the printer that it is comes from. As a matter of fact, 7. The apparatus described in claim 1 wherein said 

it is created by the printer model. ^Fhe printer model gets it lO imaging device is a printer. 

out of the printer's personality document. EditSelf is a place 8- The apparatus described in claim 1 wherein said 

holder for a method that might be used to allow users to imaging device is a display device. 

change job description attributes. This method might be 9. A computer program product for use on a computer 

called in response to the system wide print menu command. system having an imaging device, which is controlled by 

While the invention is de scribed in terras of preferred 15 command primitives and pixebnaps and has a complexity 

embodiments in a specific system environment, those skilled limit, and a storage, the computer program product imaging 

in the art wiU recognize that the invenlioD can be practiced, a complex graphic image comprised of a plurality of graphic 

with modification, in other and different hardware and objects stored in the storage and comprising a computer 

software environments within the spirit and scope of the usable medium having computer readable program code 

appended claims. 20 thereon including: 

Having thus described our invention, what I claim as new, program code responsive to each of the plurality of 

and desire to secure by Letters Patent is: graphic objects for identifying imageable objects and 

1. Apparatus for use on a computer system having an non-image able objects; 

imagingdevice, which is controlled by command primitives program code for determining a complexity of each 

and pixelmaps and has a complexity limit, and a storage, the 25 non-imageable object; 

apparatus imaging a complex graphic image comprised of a program code for decomposing each non-imageable 
plurality of graphic objects stored in the storage and com- object with a complexity less than a predetermined 
prising: threshold which depends on the imaging device corn- 
means responsive to each of the plurality of graphic plexity limit into a plurahty of imageable objects; 
objects for identifying imageable objects and non- 3° program code for converting each imageable object 
imageable objects; directly into command primitives; 
means for determining a complexity of each non- program code for transforming each non-imageable 
imageable object; object with a complexity greater than the predeler- 
means for decomposing each non-imageable object with 3^ mined imaging device complexity threshold into a 
a complexity less than a predetermined threshold which pixelmap; and 

depends on the imaging device complexity limit into a program code for forming command primitives and pix- 

plurality of imageable objects; elmaps into an image data stream to control the imag- 

means for converting each imageable object directly into ^J^M.^^^^^^' , j l ^ * t - a 

command primitives; 40 10- The computer program product described in claim 9 

^ . . . , , L- wherem the decomposmg program code comprises program 

means for transformmg each non-imageable object with a ^^^^ converting the non-imageable object to a plurality 

complexity greater than the predetermmed unagmg ^le line segments. 

device complexity threshold mto a pixelmap; and computer program product described in claim 9 

means for forming command primitives and pixe knaps wherein the determining program code comprises program 

into an image data stream to control the imaging 45 adjusting a complexity of a non-imageable object 

device. based upon an intersection of the non-imageable object with 

2. The apparatus described in claim 1 wherein the decom- other imageable objects. 

posing means comprises means for converting the non- 12. The computer program product described in claim 9 

imageable object to a plurality of imageable line segments. wherein the transforming program code comprises: 

3. Tht apparatus described in claim 1 wherein the deter- 50 p^^^^^^^ ^^^^ ^^j. generating a pixelmap of the non- 
mining means comprises means for adjusting a complexity imageable object* and 

of a non-imageable object based upon an intersection of the ^ rendering any intersections between the 

non-imageable object with other imageable objects. non-imageable object and an imageable object into said 

4. The apparatus described in claim 1 wherem the trans- pixelmap 

forming means comprises: 55 l^^^ computer program product described in claim 12 

means for generating a pixelmap of the non-imageable wherein the generating program code comprises: 

object; and program code for generating a rectangular pixebnap 

means for rendering any intersections between the non- enclosing the non-imageable object; and 

imageable object and an imageable object into said program code for establishing a clipping region surround- 

pixelmap. non-imageable object within the rectangular 

5. The apparatus described in claim 4 wherein the gen- pixelmap, 

crating means comprises: 14^ Xhe computer program product described in claim 13 

means for generating a rectangular pixelmap enclosing wherein the rendering program code comprises: 

the non-imageable object; and 55 program code for rendering any intersections between the 

means for estabUshing a clipping region surrounding the rectangular pixelmap and a imageable object into the 

non-imageable object within the rectangular pixelmap. rectangular pixelmap; and 
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program code for rendering a composite image of any (bl) adjusting a complexity of a non-imageable object 

intersections between the clipping region and a image- based upon an intersection of the non-imageable object 

able object into the rectangular pixelmap. with other imageable objects. 

15. A method for use on a computer system having an 18. The method described in claim 15 wherein step (e) 
imaging device which is controlled by command primitives 5 comprises the steps of: 

and pixelmaps and has a complexity limit, and a storage, die (^^^ generating a pixelmap of the non-imageable object; 
method imaging a complex graphic image comprised of a 

plurality of graphic objects stored in the storage and com- ^ «x , . . ■ . 

«„v:«« ♦u T p (e2) rendenng any mtersections between the non- 

pnsmg the steps of: ^ / .. , - t » .* 

. ^ . 1 1 in unageable object and an unageable object mto said 

(a) identifying imageable objects and non-imageable pixelmap 

objects in the plurality of graphic objects; ^^'^y^^^ described in claim 18 wherein step (el) 

(b) determining a complexity of each non-imageable comprises the steps of: 

^^'j^'^*' (el a) generating a rectangular pixeknap enclosing the 

(c) decomposing each non-imageable object with a com- non-imageable object; and 

plexity less than a predetermined threshold which (elb) establishing a clipping region surrounding the non- 

depends on the imaging device complexity hmit mto a imageable object within the rectangular pixelmap. 

plurahty of imageable objects; 20. The method described in claim 19 wherein step (e2) 

(d) converting each imageable object directly into com- comprises the steps of: 

mand primitives; 20 (e2a) rendering any intersections between the rectangular 

(e) transforming each non-imageable object with a com- pixelmap and a imageable object into the rectangular 
plexity greater than the predetermined imaging device pixelmap; and 

complexity threshold into a pixehnap; and ^^^b) rendering a composite image of any intersections 

(f) forming command primitives and pixelmaps into an between the clipping region and a imageable object into 
image data stream to control the imaging device. 25 rectangular pixelmap. 

16. The method described in claim 15 wherein step (c) 21. The method described in claim 15 wherein said 
comprises the step of: imaging device is a printer. 

(cl) converting the non-imageable object to a plurahty of 22. The method described in claim 15 wherein said 

imageable line segments. imaging device is a display device. 

17. The method described in claim 15 wherein step (b) 

comprises the step of: * » * * * 
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ABSTRACT 



A mediod. system, apparatus, and program for translating 
one computer language to another using doubly-rooted tree 
data structures. A doubly-rooted tree is the combination of 
two sets of hierarchically related objects sharing a common 
set of leaves. An N-rooted tree is also described. When a 
doubly-rooted tree is constnjcted in the specified manner 
and then translated to a second doubly-rooted tree, source 
language code is transformed into target language code. In 
addition, the translation preserves preprocessor characteris- 
tics of the source language code including macros, condi- 
tionally compiled regions of code, source inclusion 
statements, and comments. 

3 Claims, 9 Drawing Sheets 
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METHOD AND AITARATUS FOR guage is usually a standard widely available language, the 

TRANSLATING SOURCE CODE FROM ONE translator docs not have to produce readable or maintainable 

HIGH-LEVEL COMPUTER LANGUAGE TO source code. 

ANOTHER The second strategy requires a translator to produce 

^ readable and maintainable code. Progranuners going this 

BACKGROUND OF THE INVENTION joute want to abandon the original language in favor Of the 

This invention relates to automated translation between Building this type of translator is a more difficull task 

high-level computer programming languages. *e focus of this invcnUon. 

This invention relates particularly to improved preseiva- ,o '^'^ »° translators which produce 

tion in a target high-level language of preprocessor diarac- ^ '^"^^ ""^^ ^^"^^ 

tcristics (such as macros, source file inclusion structure, and ^'"^c"*- Syn^ of one high-level language has been suc- 

commentary) contained in a source high-level language. A «ssfully fransfoimcd into syntax of another high-level 

feature of this invention is that preprocessor characteristics l^mguagc. Some translators have produced attractively fot- 

necd not necessarily be processed by a preprocessor. ,5 '^'^ comments have been 

„. . , , , f, migrated to target code, their placement has not always been 

High-level computer languages enable computer pr<^ TYanslators have alio attempted to transform the 

grammers to communicate with computers Statements pro ^ ^ ^^ ^ ^^y^ ^^^^ 

grammas wnte m a computer language foim a computer „^ knSwlTdge-based systems to e«ract the meaning of the 

program which in turn instructs a computer to perform a set ^ ^ | 

of tasks. Compilation is the manner m which high-level 20 *^ & e> 

con^)utcrlanguagcprogramsareconvcrtcdintoinstnjctions. However, pnor art translators have universally failed 

gcneraUy caUed machine code, which the conmuter can ^^^^^^V ^ preserve p-ogranmiing constructs generally 

understand and execute. A conmiler is a computer program ^^^'^ ^ i^iawcssor characteristics. Many high-level 

whidi perfOTBs this translaUon. languages include apreproccssor language separate from but 

, tui„jr J jj.«r ^< coexisting with the language itself. Characteristics (which 

In general, each brand of computer understands a different 1 tf • * jT • • ^ -r*L 

, % , . J . « r 7^ herem referred to as mvocation expressions) of the 

set of machine code instiuctions. Therefore, a different _ , • , j X*- i m 

. . ^ ^ \ ^ . preprocessor language may mdudc a conditional compila- 

compdex must exist for each computer to translate a high- {j'J n«*hanism. a Lcro mechanism, a source ind^ion 

eve computer language. Because compilers for ev^ high- mechanism, a variety of compiler directives, and a comment 

level conmuter language do not exist on every brand of „ 1. * a***. • 1 ^ • i-^ ^ 

"f 6 "6 v« V v-ij uifuju V* mechanism. At the nsk of oversimpiificati<m, tile preproces- 

oomputer.noteveiyprogramcanexecuteoneveiymachinc. 30 ^ programmers to use ^ortfiand expressions for 

ftopammers can only wnte programs in the languages for j eonstniSs. TTius. invoking the shorthand expression 

which compilers exist for their target computers. „ ♦ . i. ^-^ i. *t_ j • 

^ 6 taggers a text substitution when tiie source code is nin 

Nonetheless, it is hi^y desirable to have a single com- through the preprocessor 

puter pro^ run on as many brands of computers as ^anslators to handle adequately prejioces- 

possib e Application programs are typicaUy complex and ^ characteristics is a weU known probl^ Exji^rU in die 

difficult to wnte; rewriting programs .n mulhple languages g^i^ considering how to replace a soura language 

o run on multiple hran^ of computers ,s m^acti«l. ^J i^aln. 

Ukew.se. conyJers are difficult to wnte; providmg them for ^„ „^ / "^^j ^^^^^ 

every language for every brand of computer « equaUy ^^^^ f„ ^^y^^ ^us replacement" Two sugges- 

impractical. One way of addressing these problems has been *° ^^^^ j^^^ ^ecn made: ^ *^ ^ 
the development of well known, widely used, standardized 

high-level languages. ComjHlcrs for these languages arc "^^^ ^^^^^ 

available for a wide variety of computers. *>°P*^ wcU-formed and complete 

_ . r * J J 1 ». .1. source language constnicts will translate them cor- 

The development of standardized languages has not been rectlv 
a complete solution. There exist numerous high-level 

languages, and many laige programs written in them, which Recogmze common sequences of tokens m macro bodies 

are exotic, highly spedaUzed, Utile used, obsolete, or via pattern matching. 

designed for specific computers. Many computers do not ^ ^ 8^°^^ ^1"^^° languages 

have compilers available for these languages. , "^^^ restrictions for using macros, and such 

^ 1.. . , . , . . ^ restrictions, in any event, would niake macros susceptible to 

Because many hjgh-leyel computerlanguages. whether or ^^^^ suggestion would only work in 

not they are standardized, cannot be compiled on every spcdal cases 

computer, programs have to be translated to other languages. 

While translation can be done by hand, it is a laborious, time SUMMARY OF THE INVENTION 

consuming, and expensive process prone to error. To address 55 

this problem, automatic translators have been and continue A general object of the present invention is to provide a 

to be devel<^d to translate programs written in one high- method and apparatus for automatically translating the 

level language to another. source code from one high level con^ter language to the 

Automatic translators may be used in either of two another language, 

distinct strategies to solve the problem of an unavailable 60 A specific object of the present invention is to provide a 

compiler for a particular language on a particular computer. method of translating code from a source computer language 

First, programmers may continue to write and maintain a target while preserving the preprocessor characteristics 

programs in the original source language. The translator of the code as written in the source language, 

converts these programs into intermediate code in a target Another object of the present invention is to provide a 

language. An available compiler fw the target language then 65 data structure useful for automated translation, whether it be 

converts this intermediate code into madiine code which the from one computer language to another or from a natural 

target computer can understand. Although the target Ian- language to another. The data structure, termed a doubly- 
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rooted tree, combiDes two prior art tree data stnictures so 
that their leaves coincide. By creating and filling the doubly- 
rooted tree in a specified manner, and then translating it to 
a second doubly-rooted tree. pre{Htk:essor characteristics of 
a computer language may be preserved while translating 5 
other statements, constructs, and expressions. 

A doubly-rooted tree may serve as the basis for more 
complex data structures. For example, additional trees may 
be joined at the leaves to form an N-rooted tree. Such a 
linked set of trees has comfMiter database q^piications. 

Other and further objects cf the present invention will be 
^parent from the following description and claims and are 
illustrated in &e accompanying drawings which, by way of 
illustration, show preferred embodiments of the present 
invention and the principles diereof and what are now 
considered to be the best mode contemplated for applying 
these principles. Other embodiments of the invention 
embodying the same or equivalent principles may be used 
and stmctural changes may be made as desired by those 
skilled in the art without d^xarting from the present inven- 
tion and the purview of the ^>pended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the Drawings: 

FIG. 1 depicts a prior ait tree structure. 

FIG. 2 depicts a doubly-rooted tree data structure, joined 
at the leaves, in accordance with the present invention. 

FIG. 2A is a simplified block diagram of a counting 
system for use with the [H'escnt invention; 

FIG. 3 is a block diagram depicting data flow through a 
simple prior art compiler. 

FIG. 3A is a block diagram depicting the syntax tree of 
FIG. 3 where the source language is FORTRAN and the 
source statment is Z=X+K 

FIG. 4 is a block diagram dq>icting data flow through an 
automated source code translator in accordance with one 
embodiment of the present invention. 

FIG. 4A is a block diagram depicting the source syntax 
tree and associated virtual source of FIG. 4 where the source 
language is FORTRAN and the source statement is ^X+K 

FIG. 5 is a flowchart describing a method for building a 
first tree in a doubly-rooCed tree in accordance with one 
embodiment of the present invention. The method builds the 
tree frx)m the top down in d^th first traversal order. 

FIG. 6 is a flowchart describing the building of a second 
tree in the doubly rooted tree introduced in FIG. 5, in 
accordance with one embodiment of the present invention. 
An inorder traversal of the first tree yields an ordered set of 
leaves that is input to the parser 623. The method builds the 
tree from the bottom up in depth first traversal order. 

FIG. 7 is a flowchart describing the translation of a second 
tree in a first doubly rooted tree to a corresponding tree in a 
second doubly rooted tree in afxordance with one embodi- 
ment of the present invention. 

FIG. 8 is a flowchart describing the translation of a first 
tree in the first doubly rooted tree referred to in FIG. 5 to a 
corresponding tree in a second doubly rooted tree in accor- 
dance with one embodiment of die present invention. 

RG. 9 depicts an example fragment tree and syntax tree, 
using a high-level computer language, pTAL. as the source 
language. 

FIG. 10 depicts the example PTAL source fragment tree 
and source syntax tree, including the leaves (tokens) that 
link them, introduced in FIG. 9, It also shows a target syntax 
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tree of another high-level con^utcr language. C++, that 
represents a translation of the source syntax tree and half of 
the target douWy-rooted tree. 

FIG. 11 depicts the source doubly-rooted tree and the 
target doubly-rooted tree introduced in FIG. 10. after the 
translation of the source fragment tree. All four trees are 
illustrated: the example pTAL source fragment tree and 
source syntax tree as well as semantically equivalent C++ 
target fragment tree and target syntax tree. 

DETAILED DESCRIPTION OF THE 
INVENTION 

This invention inq>lements a strategy for translating 
legacy software to a different hi^-level programming lan- 
guage. This translation process preserves text preprocessor 
mechanisms such as macros, conditionally con^>iled regions 
of code, and source inclusion. This section specifically 
discusses the design of die Rosetta IVanslator, which imple- 
ments this strategy. The Rosetta Translator translates from 
Tandem's portable Transaction Application Language 
(pTAL) to C++. 

Source-To-Sourcc TVanslation 

Source-to-source translation to a standard, portable, and 
widely-available language, such as C. has been shown to be 
an excellent means of making exotic languages available on 
many platfcxms ^' ^' Programmers conttnue to write and 
maintflin programs in the original source language, and use 
the translated source as intennediate code. These translators 
need not address the i^oblems inherent in producing read- 
able and maintainable code: preserving macro definitions 
and program stnictme. and retaining meaningful naming, 
conunent placement and format 

Attempts have been made to implement source-to- source 
translators that transform the s^le of a program, thus 
rendering it more readat^e. or to extract the meaning of a 
program and use a knowledge-based system to express the 
program in a higher-level language We were unable to 
apply such techniques to our advantage. 

pTAL. C-H-. and many hi^-lcvcl programming languages 
consist of a pr^rocessor language separate from but coex- 
isting with a high-level language. The preprocessor lan- 
guage might include a conditional compilation mechanism, 
a macro mechanisnu a source inclusion medianism. a vari- 
ety of cconpilcr directives, and a comment mechanism. The 
prq>foces5c«' language need not be implemented by a sepa- 
rate preprocessor. The Rosetta Translator not only translates 
high-level language constructs but also preprocessor con- 
structs; preserving the latter is a difficult but in^rtant part 
of producing readable and maintainable code. 

While some published accounts describe translators that 
produce readable high-level code ^- ^, we have encountered 
no published accounts of experience with translators which 
produce readable and maintainable code and which preserve 
prq)rocessor mechanisms. 

Languages 

The source language. pTAL, is a pro{Mictary block- 
structured systems prograimning language, originally 
derived from Algol-60. The vast majcwity of Tandem's 
system code was written in pTAL or its precursor. TAL. The 
Rosetta Translator uses pTAL as its source language instead 
of TAL because pTAL excludes various architecture-specific 
TAL features that are not available in standard programming 
languages, such as assembly language code statements and 
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arbitrary register manipulation. All TAL code will eventu- beginning and end of a file 

ally migrate to pTAL. The details of preserving partition boundaries arc not 

The translated code is dominated by the C language discussed in this document 

subset of C-H-. but includes occasional constructs specific to Fragment Tree 

C+f. The Rosetta Translator does not generate object- 5 a firagment tree rcfM^sents each source inclusion, macro 

odented code. C-H- is a much better target language than C expansion, and macro actual parameter substitution that was 

for a number of reasons, including strong type checking and enaployed to create the virtual source, 

easy emulation of several important pTAL language Static Iragments 

constructs, and the opportunity to use the object-oriented a static fragment is a mold from which fragments are 

paradigm in the future. The ideas {H-esenlcd here apply to >o ^ade; each fragment is an instance of a static fragment. A 

other programming languages containing preprocessor source file is a static fragment, and it may contain nested 

mechanisms that one would have a practical need to trans- ^^^^ fragments. The Rosetta Translates pieces together 

textual representations of C++ fragments to form C++ 

Concepts 15 ^"^^ ^ textual representation of a macro body. 

for examine, into its definition. Because the Rosetta Trans- 

The following concepts are key to this description of a lator's design requires that each source language macro 

method foi preserving macros. niaps to exactly one taiget language macro, it checks the 

Virtual Source textual consistency of every macro use, to ensure that the 

A program's virtual source is a stream of tokens that a 20 macro text ^Vorks"* in all contexts of use. It checks the 

compiler parses to create a syntax tree representing that textual consistency between fragments generated during 

program. previous translation sessions and those generated during the 

Virtual Source Production Mechanisms "current** session, to ensure that pieces of an included file 

Wtual source production mechanisms are used by a **work** in all contexts oi use. 

scanner or preprocessor to create virtual source. Virtual ^ Translator Overview 

source production mechanisms available in pTAL and C+-+ This section introduces a *1ragment tree** as a means of 

are: representing macro invocations, macro actual parameter 

source inclusion of files substimtions, and source inclusions in a program. It gives an 

macro expansion overview of the translator phases, including steps to prc- 

macro formal parameter substitution ^^8^"^ t^^^* ^^'^ describes in detaU the 

A virtual source production mechanism can appear any- structure of the fragment tree and gives a fragment tree 

where in a source file and yield any portion of a syntactic translation method. 

constnict; it need not honor synUctic construct boundaries. The Rosetta TVanslator behaves like a normal con^Uer, 

Virtual source does not necessarily exist in textual form in 35 with a few additional steps. A pTAL syntax tree represents 

any single source file; the token stream is created by a series syntactic structtire of the virtual source. Tokens appear 

of source inclusions, macro expansions, and macro formal on the leaves of tiie otherwise traditional abstract syntax 

parameter substimtions. Each token is also associated with a fragment, indicat- 

The Rosetta Translate translates virtual source produc- ing which virtual source production mechanism brought it 

tion mechanisms as well as high-level language constructs. 4^ i^to the virtual source. The syntax tree and the fragment tree 

It does not merely expand the virtual source with a prepro- are said to be "jcaned at the tokens." 

cessor bcfwe performing its translation. The macro that the The scanning phase builds &e pTAL fragment tree. The 

programmer knew and loved appears in the translated code, pTAL syntax tree is translated to a C++ syntax tree. An 

and means the same thing. The file structure of the program additional translation step converts the pTAL fragment tree 

is also p-eserved. 45 the C++ fragment tree. 

Fragment translation, each C++ macro invocation fragment or 

A ^fragment" represents the result of an invocation of a source inclusion fragment contains a sequence of C++ 

virtual source production mechanism; source file inclusion. ^olscns that represents text belonging in that macro body or 

macro expansion, or macro formal parameter substitution. included file. The source generator pieces together translated 

Each fragment is linked to the tokens that make up its ^ instances to fonn a generated text file. Tokens and comments 

invocation syntax: a macro fcrmal parameter, a macro are formatted (assigned file positions) based on the syntax 

invocaUon (including the parameter Ust), or a token repre- that contains them, taking cues from the fOTnoatting of the 

senting a source inclusion directive. Each fragment contains corresponding source language constract. HG. 4 depicts a 

the tokens composing its expansion: a macro actual general diagram of die Rosetta Translators data flow, 

parameter, a macro body, or an included file. The tokens 55 FoUowing is some sample pTAL source code, and the 

con4>osing the invocation syntax are themselves contained translated C++ source code, 
in another fragment, whidi represents its context of use. For 
example, a macro invocation can be embedded in a macro 
body, or in the main program file. 

Fragments can be divided into "partitions** by compDer 
directives. Because some con4)iler directives affect the 
semantics of the program, and some determine what text is 
scanned (for example, conditional compilation directives), 

directive boundaries must be preserved. pic. 9 illustrates the fragment tree that represents the pTAL 

Partitions are bounded by: 65 ^^yc loop from the previous example. The tokens in the 

compUer directives virtual source are in both the fragment tree and the syntax 

beginning and end of macro bodies in a macro definition tree. 
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define less(x) = a < x#; 


(Mcfinc )ess(x) a < x 




while lc&s(42) da . . - 


while (k«(42)) . , . 
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Properties of Fragments tree. The translation routlDes for most source language 

_ ^ . - . ^* ^ constructs generate idioms in the target language when 

Fragments have some mtcrcsting properties: ai^opnatc 

A pTAL fragment is semantically equivalent to the C-H- 

fragment to whidi it translates. For a macro to ^Nvork**. it 5 The Rosctta TVanslator associates each generated target 

must expand to a meaningful token stream in every context language token with one source language token. The **trans- 

of use in the generated code. For a nuacro to be readable and lation** of a source language token aeates a target language 

maintainable, it must be invoked for the same purposes in token and establishes this association. The choice of which 

the generated code as in the source code; it must iMt)vide the pTAL token is associated with a given C-H- token determines 

same benefit by encapsulating equivalent target language jo the fragment in which that C++ token belongs: the C++ 

text. These considerations for macros also apply to code counterpart of the pTAL fragment in whidi the associated 

included from another file and to macro actual parameters. pTAL token resides. 

Tokens in a pTAL fragment must be translated in their _ „ . , 
context or contexts of use. Macros cannot be translated . Some constructs allow a one-to^ne mapping from source 
immediately at their point of definition because, even if the 15 ^^^<=»5 ^ ^ ^''^^^^ ^o not 
text could be parsed, semantic analysis would not be pos- one-to-one, the Rosetta Translator chooses token map- 
sibie. Only when the macro is expanded in context is the maximize "semantic congruence," that is, it tries 
semantic infccmalion necessary fo€ translaticm available. to associate tokens with Aeir logical counterparts. Choosing 
Macros arc, therefore, translated after their invocations have aj^opriate mappings helps ensure meaningful macro trans- 
been expanded and analyzed. The actual parameters of a 20 l^ons. The collection of tokens contained in a macro body 
parameterized macro and regions of included text are pro- (or macro actual parameter) io the source language tends to 
cessed analogously. The bodies of unused macros are not generate a collection with the same meaning in the target 
translated, and unused actual parameters are not translated. language. 

An umwrtanl impUcation of Ibis property is thai shared ^j^^^^^ ^ ^ j^L syntax tree and ftag- 

mtetface files oontaimDg niacrodefinifons or conditional « .„ent tree, joined by ttie pTAL tokens making up the virtual 

compilation tend to be translated mcrementally. as a side tu a u a ^^ ^ -^i-i u*. 1^ 

* w J . * ,u source. The dashed lines depict hnks between each C++ 

effect of translatmg the modules that use them. . . 

token and the pTAL token that generated it. The tokens in &e 

ApTALfraginentshould translate tothesameC++textm relational expression map one-t<M)ne from the source Ian- 

ev«ry context of use, A macro body is translated once for language. TTie source language 'VhUc- 

each expansion m the virtual source. The Rosctta Translator ^ f ^ f *i *if . 1 

. . *i * ^ 1 f keyword generates flie target language parentheses tokens m 

chooses to produce exactly one target language macro for /..^ 7^ ^ . < .t_ ... « . 

. \ . . ^7 • . . addition to the tanzet laneuase *whilc token, 

each source language macro; this design decision requires ^ 

that the translation of every instance of a macro expansion 

be textually identical The Rosetta Translator can only be Translating the Fragment Tree 
sure that the translation of a macro 'Vorks** in every context 

of use if evcxy instance of the macro expansion translates to bmlding the C++ syntax tree, the Rosetta Translator 

textually identical generated code. A textual mismatch might traverses the target language virtual source token stream, 

occur, for exan^le. when the syntax expressing two distinct builds the C++ fragment tree, based on the position in 

operations is the same in the source language but different in tbe pTAL fragment tree of the source language token asso- 

the target language. The pun (one phrase with two distinct ^ ciated with each target language token encountered in the 

meanings) does not translate. Strategies for avoiding textual virtual source stream, 

mismatches and for coping with mismatches that cannot be j • • m j * i 

^ ,^ . The method given m this section bmlds a target language 

prevented are discussed later m this document. The same ri^^^..^^ 

^. , ^ tragnaent tree. Operations arc as follows: 
considerations apply to code included from another file and 

to macro actual parameters. Attach(x, y): Attach x to y: y becomes the parent x. x 

Construct translations should not blur fragment bound- is added positionally after pre-existing siblings, 

aries. Each pTAL syntactic construct is maj^d to a corre- 'IVanslate(n): Translate n (token or fragment) to the target 

spending C++ syntactic construct, and pTAL tokens within language version of the object, and return the transla- 

that construct are mapped to correspoikding C++ tokens ^ tion. 

within the corresponding C++ construct While the tokens in Translation(n): Return the latest translation of the frag- 

the resultant token stream need not maintain the same ment n; nil if it has not been translated, 

relative ordering as the pTAL tokens that generated them, Parent(n): If n is a token, return the fragment in which n 

fra^nt boundanes ^e points of ordering enforcement ^^^^^^ jf ^ ^ fragment, return the invocation syntax 

Each token in a given C++ fragment is generated from some baffncni (macro name token, for example), 

token in the same pTAL fragment Strategies fox avoiding t i-l- / x o . • • ^ 

fragmentboundary violations and for coping with violations ^^^""1 . t^^.^^^'^'J ^-T^ 

that cannot be prevented are discussed la^ in this docu- ^^et fra^nt tre«. The jeo nodes in the target 

language fragment tree mclude the ancestors of the last 
token that was added to the fragment tree. Adding a 

Translating the Syntax Tree ^ child to a fragment "closes** nodes that are no longer 

ancestors of the latest t(^en added. 

The Rosctta Translator translates the source language Begin by translating the main source include fragment 

syntax tree, generating an equivalent target language syntax This fragment is initially open. 
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FOR CTaigeiTokcn = each token in the target language virtual sowrcc) BEGIN 

SourceTc^D = the Gource token associated with the ctirrcnt TargetTokcn 
SourccFrag = Parent (SoirccTofcen) 
IF (IsOpen (Translation (StwrocFrag))) 
THENBBGIN 

y* add a new token to an existing fragment that is already open */ 
TaigetFiag = Translation (SourceFrag) 
Attach (TargetTWten, TargedFrag) 
END ELSE BEGIN 

/* create a new fragment, and add the new token to it */ 
TzigetlTag = l>anslate (SomceFrag) 
Att^h (Tafgdlbkcn, TaigetFrag) 
SourcelnvSyittax = Farent (Sourcdoag) 
TaigetbivSyntax = Translate (SourcdnvSyntax) 
Attach (TaigetFrag, TaigetlnvSyntax) 
SourceBag = Parent (SourcelnvSyntas) 

/* Create new fragments and invocataao syntax until TsTgeHoken is 
conoected to the tree. */ 

WHILE (NOT IsOpen (TVanslatkjn (SourceFrag)) ) BEGIN 

TaigetFrag = Translate (Scwicd^rag) 

Attach (TaigetSavSyntajt. 'BffgetFrag) 

SouicelnvSyntax = Parent (SouceFrag) 

TaigetlnvSyntax = IVanslate (SourcelnvSyntax) 

Attach (TargetFrag, TaigetlnvSyntax) 

SourceFrag = Parent (SourcelnvSyntax) 
END WHILE 

TargetFrag = TVanslation (SouroFrag) 
Attach fftrgetlnvSyntax, Taigcffrag); 
END ELSE 
END FOR 



Code Replication 

While the target fragment tree usually has a shape similar 
to the source firagment tree, this method allows for code 
replication and reordering to produce new subtrees or sub- 
trees in new places (when, for example, the replicated or 
rendered code represents an entire macro expansion). 

The 'tOT" loop from the example in the next exait^)le uses 
a macro invocation in place of the control variable. 



pTALCode 
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define i(x) = an|x}#; 


#define i(x) an[x] 


ftw i(4) := 0 to 4 do 


for ( i(4) = 0; i(4) <= 4: i(4)f+) 



The Rosetta Translator preserves the semantics of the 
original code only if the code in the control variable of the 
for loop executes widiout side-effects. This issue is inde- 
pendent of the presence or absence of macro invocations in 
a for loop; the issue relates to the rqplication of code. 

Experience with the Rosetta Translator 

Automated translation Is an impoitant vehicle for migrat- 
ing criticai system code out of a proprietary programming 
language. Taken together, system products contain millions 
of lines of code, of which hundreds of thousands of lines are 
shared interfaces which contain many thousands of macros. 
These macros contain a wide variety of language constructs, 
and the language constructs are often not well-formed. The 
Rosetta Translator facilitates this migration. At this writing, 
preliminaiy translations have converted major parts of Tan- 
dem's core system software to C++. 

This section describes the principles and requirements 
that guided the design of the Rosetta IVanslator. 

Requirements of the Rosetta Translator 

The Rosetta Translator was conceived as a way to reduce 
and eventually eliminate dq)endence on a proprietary sys- 
tems jprogramming language while supporting huge bodies 
of legacy software. To that end, the Rosetta Translator 



performs highly automatic translation from Tandem's por- 
^ table Transaction Application Language (pTAL) to a subset 
of C++. The translated software is more portable and is 
compatible with commercially-available programming 
tools. New software can make use of the object-oriented 
programming paradigm while interoperating with legacy 
35 code. The resulting C++ source code is sufficiently readable 
and maintainable that the original pTAL source code can be 
retired. 

Thc Rosetta Translator has several requirements: 

^ The translaticm process must be highly automated. The 
Rosetta Translator must translate an entire product in a short 
elapsed time. The Rosetta Translator must be 'Tiighly 
automated."* but not necessarily completely automated. The 
Rosetta Toolset includes a set of proWem analysis tools to 
speed elapsed translation time. Automatic source-to-source 
translators can be criticized for automatically translating 
only a subset of the source language or for generating 
obfuscalory code, and source-to-source translators that 
decline to translate some features of a language can be 

^ criticized as useless when the source code is very large. The 
Rose^ Translator is an industrial strength toolset that must 
not substantially subset the source language for the conve- 
nience of the translator. It also must make use of commonly 
used idiomatic features of the target language, and naust 
avoid translations that, while strictly safe, are not particu- 
larly readable or maintainable. The Rosetta Translator can 
take cues from a humttan expert to help it avoid generating 
awkward code. 

The translation process must allow incremental transla- 

^ tion on a module-by-module basis. To ease the transition 
from one implementation language to another, a product 
must be able to export translated interfaces before translat- 
ing all of its in^lementation modules, and it must be able to 
phase translation of the product, one module at a time. The 

55 resultant C++ code must be interoperable with pTAL code. 
The resultant code must faithfully reproduce the seman- 
tics of the original program. 
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• The resultant code must be readable and maintamabJe. language lexical elements. The choice of target language 

The generated program must be as readable and maintain- construct and mapping of tokens from a source language 

able as the original code to a i^ogranmicr familiar with both construct to a target language construct is a matter of 

languages and the product fliat the code implements. A maximizing semantic coire^ndcnce between the lexical 

programmer familiar with the product must find that alter 5 elements. 

translation, he or she still holds a valid mental model <rfthe ... .1^. 
implcmentaUon. Identifiers must be mapped to reasonable . simple principles gmde choices of constnict trans- 
spellings. Comments must appear adjacent to tfie code that ^^^^^^ ^ ™ Rosetta Translator. These jHinciples are 
they describe, even when that code has been moved. Patterns intended to make the resultant code ^jpear more natural than 
(X pictures embedded in cnd-of-Une comments must be '"^^^ machine-generated code. 

preserved to the extent possible. The format of the code must *° Generate simple resultant code to emulate simple source 

appear natural in the target language, though some aspects of code, even if the transformation is not general. Generate 

the format migjit follow the style and alignment of the complex resultant code only when necessary to emulate a 

original code, reflecting the preferences of the author. Mac- difficult ccrncr of the source language. For example, the 

ros defined in the source code must, to the extent possible. pTAL language aUows stnicture fields to overlay any other 

enc^sulate the same meaning in the translated code. 15 type field arbitrarily. If the space allocating field is at least 

The Rosetta Translator generates ou^ that looks natural as large as the fields that overlay it. the Rosetta Translator 

in its new language but does not significantly alter the design generates a union. If it is not the Rosetta Translator 

of the program. One of the great investments that software generates a macro invocation that, in turn, provides access to 

compames must make is in software r^ the appropriate memory location when the field is used. TTie 

of the great asscu that a software mamUmer might have is 20 ,^ translation of a structure type and 

famdianty with the implementation details of a large and variable 
conq>lex software system. Substantial redesign is best done 
by the progranuner, who is not only best qualified to noakc 

a con^lcx judgement call, but can later make good use of the piAL Code GeaMnied C++ Code 

experience of doing so. 25 



The resultant code must be efficient Execution speed of ^ ''^T* ^ 

a generated program must be comparable to that of the im i; ^ union { 

original pTAL-coded program While fiilfillmcnt of this goal int j = i; short i; 

lies more in the hands of the conq>iler that implements the f°* short j; 

target language, we did have the opp<Htunity to take into ^ ^ ""^^^^ ^. 

account performance of various constructs when designing _redef (kmg. b. a); 

their translations. } s; 

These requirements led to a number of challenges for the ' 

Rc»ma Translator, including maintaining dual language The Rosetu Translator generates references to macros, such 

interfaces, mapping tokens in language constructs, and deal- as the invocation exj^ssion *'_reder in this exan^le, that 

mg with mconsistenUy translated fragments. encapsulate the emulation of difficult pTAL features. These 

Maintaining Dual Language Interfaces macros reside in an include file. "rosettaJi**. 

Unfortunately, converting a product to C++ docs not ^y^'./H^J^^^L^ ''^'^°^1'^L^*'^!' ^Z'*'"- ^'^ 

unmediatcly obviate the need to use the pTAL language. 40 ^^TP'f ^ '^^V ^'T'^ ""^ 

Products that export a pTA^coded interface must c<^tinue 'V^^T -^^^w ' ""^^ '^^^ '^^^^ 

to export that interface in pTAL as weU as C++ untfl no TVanslator imaally generates "&airayname|Or. >t 

pTALcUents remain. Because of the size and complexity of 2^^'*" a s.mphfy.ng transformation to produce 

externalized interfaces, and because of the opportunity for ^^"""f.' . -j. , j . ^ 

enor inherent in manuaUy maintaining paraUdinterfacis in 45 , Attempt to generate i<homs commonly used in the target 

both languages, it is essential that a^oduct maintainer S'*,^^" ""^'^ ^^■"'^T' *r'T''L''%'^' 

update just one copy of an interface ^d use a tool to for mcmnenting variables; the Roseda mnslator 

generate the interface in the other language. n>e Rosetu ^'f, "^"T ^'^t.. 

1VanslatoristhattooLThepioductmain^«usesthepTAL ^'V^*^ ^"^^^ P**"!*** "^'r'?^ '^'^ 

version as the rtfaence copy. so Present themselves, preserve the style that the programmer 

Ti.i« or»Ku» i ^i..- .iT. rt. » T 1 . - example, when choosing between C++ "•var- 

.m^^^iTr^ r ^ ,f ' ^""Ttlrf^ "^ "^^^ •Vamame(0]-. the Rc«5ta Translator emuUtes 

enut code that is ready-torolL If any adjustment or enhance- ^ pTAL code 

ment to an interface file is necessary, then the adjustment or 

enhancement must be made to the pTAL code so the Strategies for Coping with Poorly Matdicd 

generated C++ can be read and used as is. Because pTAL 55 Language Constructs 
does not support many useftil C-H- features, we supply a way 

to express new C+-Konly constructs in the pTAL source. The Several strategies are possible to cope with translating one 

pTAL compiler ignores such constructs. source language to another when the language constructs do 

Objects in shared interfaces are only available to clients ^ precisely to one another at the token level. The 

that have converted to C++ because the reference language. « Rosetta Translator uses the following strategics, each where 
pTAL. cannot express them Thus, a language conversion 

does not immediately clear the way for a paradigm shift Restrict the source language to constructs that can be 
visible in externalized interfaces. translated directly into the target language. This approach 
» , ^. _ _ simplifies construct translation. The main disadvantage is 
Translating Language Constructs ^5 „^ ^^^^ ^j^^ ^^^^ ^^^g untranslated con- 
Translation of each syntactic consdiict carries out a lexi- structs or correct the generated code. This is only practical 
cal mapping from source language lexical elements to target when an equivalent supported construct exists, or when 
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virtually none of the legacy source code actually contains The target language was extended to support some special 

the forbidden construct. We chose to restrict certain source functional requirements of Tandem systems software. The 

language constructs that cannot be expressed in the target target language was not extended merely to accommodate 

language, such as taking the address of a label. We also automatic translation. The Rosetta Translator tr^lates sys- 

choselo restrict certain source language features whose 5 ttms programming constructs from die source language to 

translationwoulde^d^ylaclcr.^^^^ ^^^^^^^^^^^ 

expressions that depend on order of evaluation. The piwui^ ^uuu-i / 

restricted constructs can be rccoded easily. The Rosetta P*AL. 

Toolset offers semiautomatic help in removing dependencies Handling Comments 

on these features. lO Source-to-source translators can use one of several strat- 

Exteod the source program to give extra information that egies for translating comments that appear interspersed in 

leads to a better translation. With a small amount of infor- the source language program: 

maUon from a programmer familiar with the source code. Gather and translate comments separately from the source 
the Rosetta Translator can create much more natural looking code, then collate the translated commcnts^with the trans- 
generated code. The main disadvantage is that the user must 15 latcd program text into the output stream . This strategy 
modify his or her source code before translating. simplifies translation by separating the issue of comment 

„ ™, , . . .t. * 1 association from the problem of language construct trans- 

The Rosetta Toolset offers tools to make thatacUvity less ^ disadvantage is that comLnts describing code 

tedious and less prone to eir<^. and to make optunai use of ^as re<^dexed arc difficult to place sensibly, 

a prog^mmer' s time. The Translator detects when a specific comments with the syntactic construct in which 

kind of information would be helpftil and issues an appr<^ embedded \ This strate^^ reorders comments and 

piate diagnostic. A programmer familiar with tiie source ^ together, and the comment idaccment issues do not 

code responds to the Rosetta Translator's request for scman- ^^^^^^ language cwistnict translations. One disadvantage is 

tic hints by embedding a special comment in tiie source code ^ fine-grain associations might not be preserved, 

from which the Rosetta Translator can glean the extra ^ Text-based prqjrocessors, such as document generators, that 

information it needs. Supplying hints this way does not special comments as cues might accept a new language 

disturb the behavior of the source code and does not require ^ j^p^^ j^^^^ ^ finer-grain associations were pre- 

extending the source language's conqjilcr. The infonnation served, 

is also retained in tiie original source code for future Associate corrunenls with a nearby token. The Rosetta 

retranslations. The problem analysis tools sim|riify the tasks ^ Translator's strategy is to bind comments closely to a token 

performed by the human expert by inserting the desired translate the coirunents associated witfi each token 

special conunent in cxactiy the right place. ^^^^ j^j^^n is mapped to the target language. One 

For example, the pTAL language has no declarations of disadvantage is that when source language tokens do not 

unsigned variables, but instead offers unsigned operators correspond one to one with target language tc^ens, the 

that carry out unsigned arithmetic. A user can mark a pTAL translations of syntactic constructs must explicidy specify 

variable as unsigned by inserting a particular comment into comment mapping. This strategy trades off con:q>lexity for 

die variable declaration. The Rosetta Translator translates it control and increased control is desirable to preserve appro- 

as a true unsigned variable, obviating die need for type casts priatc comment placement. 

to force unsigned operations. The next example depicts the -^he Rosetta Translator is able to preserve end-of-line 

translation of an unsigned operation. ^ comments in their original fonn. which is especially useful 

pTAL CodcGcnereted C++ Code ^^^^ information contained therein is tabular or pictorial 

in nature. All comments remain associated with the tokens 

im steve;sbort stevc; they describe, even if part of the enclosing construct must be 

i :=stcve '+M234:Hunsigned sbot1>stcvfr+1234; moVCd. 

45 When a source token is mapped to a target token, com- 

lunsigncdJ int dano;unsigned short dano; ments tied to the former are automatically translated and 

i :=dano '+'i234;i=(iano+i234; attached to the latter. Routines in^>lementing language con- 
struct translations must account for the comments associated 

Hide the complexity of the translated code by emitting a ^jth each source language token. If a source language token 

meta-language (via macros) to in^ement very complex 50 ma^s to no target language token, then its comments rmist be 

comers of the language. This is a potable way of extending moved to an appropriate token that will be ma5>ped. 

the target language. This approach can preserve readability -j^g appearance of the generated code can benefit from 

even when a simple construct from the source language construct translation routines tfiat create comment assoda- 

translales to a fairiy complex construct in die target Ian- ^^^^^ ^^j^ t^^en associations. For exanq)le 

guage. The main disadvantage is Uiat the software main- 55 construct translations a|^ar more natural if the com- 

tainer must learn how to use the special macros. For ^^^^^^ appear before tiie first source language token in 

example, bit extraction and deposit c^jerations on integers ^ particular construct also appear before the first target 

are suK>Ued as maaos in an include file, rosctta.h. The next language tt^en in the translated construct, even if die first 

exan^le depicts die translation of bit extractioii and bit ^^^^ j^jj^^ ^i^^^ to the first target token. 

60 Comments scanned in fragments that contain no tokens 

pTAL CodeGeDCTated C++ Code associated with the Static fragment, translated separately 

from the tree translations, and appear in the analogous C++ 

X :=i.<4:5 >;x=_bit_«tract(i, 4, 5); ^^^^^ fragment 

i.<D:3>:=sx;_bit_dq)ositCL 0. 3, x); ^ Fragment Consistency 

Extend the target language to handle hardware depcndcn- Because die Rosetta Translator' s design requires that each 

cies diat cannot be exp^essed in the standard target language. source language macro maps to exactiy one target language 
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liiacro. it checks that eveiy macro use is textually identical 
to ensure that the macro text **works" in all contexts of use. 
It also checks included files. The scope of a macro actual 
parameter is limited to the macro body itself, so the Rosctta 
TYanslatoT need only check that all expansions of a formal 
parameter within a given macro expansion are textually 
identical. 

This and the next few sections discuss diagnosing frag- 
ment textual mismatches, strategies for minimizing 
mismatches, and remedies for mismatches that cannot be 
prevented. 

Fragments Containing Puns 

When the syntax for expressing two different operatioDS 
is different in the target language but the same in the source 
language, a fragment translation might not **work^ in every 
context of use. In progr ammin g languages as in natural 
language, puns tend to translate powly. When type compat- 
ibility rules differ between the two languages, for example, 
type casts can lead to a mismatch in macros that are used in 
conjunction with multijde types. 

The following example illustrates an error condition: the 
translation of two expansions of the same macro result in 
different macro body text. All instances of a macro body 
must be checked for consistency before output source gen- 
eration. The Rosetta Translator generates references to 
macros, such as "_j-eder and "_tobitfield" in this cxanqjle, 
that enc^sulate the emulation of difficult pTAL features. In 
this case, the integer field "a** overlays the bit field "k". The 
"_tobitfield*' macro takes the name of the surrounding class 
type as a parameter. That name is different for the two uses 
of the macro: *t_** versus "g_^ The next cxam^e depicts 
a macro whose two uses result in macro body text that does 
not match; mismatching tokens are in bold. 
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are not textually identical Fragment boundary violations are 
delected by the same fragment consistency check that 
detects puns that do not work. The following exan^le 
illustrates a blurred fragment boundary in a use of an 
ill-formed macro. 

If precedence rules differ between the two languages, then 
introducing parendieses to preserve the original expression's 
semantics can lead to a consistency violation. The pTAL 
language assigns higher precedence to the left shift operator 
than to the addition operator. The C-H- language assigns 
higjjcr precedence to the addition operator than to the left 
shift operator. Parentheses appear in the target language 
version of the e:q}ression to retain the order of evaluation. 
The parentheses tokens hq)pcn to be generated from the 
higher precedence operator, which determines their frag- 
ment assignment 



plAL Code Expaimon of pTAL Code 


Generated C-h- Code 


^ define 6ed(p) = p « 2#; 




a := fred (x + 1) ; a := x + I « 2; 


a = X + (1 « 2) : 
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pTAL Macro 


Geooated C++ Macro 


Izoo-fength amy causes 


a to overlay k! 


dcfiiK fields = 


int a [Ch-]]; ^define fiekls 


•ERROR* 


unsigDod(l)k #; 


pTALCode 


OenciatedC++ Code 


struct f; 


class { 


begin 


fields; 


fields; 


}f; 


end; 


struct g; 


class g_ { 


begin 


fields; 


fields; 


}«; 


end; 




pTAL Code Expansion 


C++ Code Expenskm 


struct f; 


class £_ { 


begin 


_r«dbfisl>ort. a. _tobitfieki(£_. 






inJ a (0:-! J; 


unsigned k:l; 


unsigned(l) k; 




cixl; 


struct g; 


class g_ { 


begin 


_redefi(shart, a. _tobitficld(g_, 


k)); 




int a(0:-ll; 


unsigned k:l; 


unsigDed(l) i; 




end; 
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Blurred Fragment Boundaries 

If a construct translation blurs fragment boundaries, the 65 
translated fragment tree looks as if two instances of the 
fragment were created, and the contents of those fragments 



The translation of the previous example results in a C++ 
fragment tree that appears to have two instances of the aaual 
parameter fragment which do not contain identical text 

Strategies for Minimising Inconsistently Translated 
Macros and Macro Actual Parameters 

Inconsistently translated macro bodies and macro actual 
parameters can be minimized by building special rules into 
the token mapping methods, when possible. 

Suppress simplifying transformations on the generated 
code when inside of a macro expansion. Generally, syntax 
transformations are not sensitive to whether or not the 
generated code is inside of a macro body expansion or maao 
formal parameter expansion. Some routines that perform 
construct translations are sensitive to fragment boundaries, 
though they do not translate fragments. These routines 
suppress simplifying transformations within a macro expan- 
sion or macro fonnal parameter expansion in order to nriaifp 
translations for different macro invocations textually iden- 
tical. For exan^le. the transformation sLn4>lifying die text 
^^AairayvarlO)** to "airayvar" is suppressed within a macro 
when the index is in a macro parameter. Likewise, the 
transformation simplifying the text •*(*pti")-field*' to 
**p->fieid*' is suppressed when "*p*' is a macro actual param- 
eter. 

Absorb tokens that differ between invocations of a macro 
into an actual parameter, when possible. Source language 
tokens might generate not only the logical translation of 
themselves, but also sc»nc attendant baggage. If that bag- 
gage can differ in two different invocations of the same 
macro, there is no problem if the baggage is ma^^d to the 
actual parameter rather dian the macro body. For example. 
C-H- parentheses generated to force the appropriate operator 
precedence should be absorbed into the translated actual 
parameter if they suiround C-H- tokens generated only from 
pTAL actual parameter tokens. 

Likewise, if a C++ operator was generated in the 
translation of an implicitly dereferenced pointer in a macro 
actual parameter, the operator should be absorbed into 
the translated actual parameter so that nonpointer variables 
can be passed into the macro. 

Extrude tokens that differ between invocations of a macro 
into the fragment containing the macro invocation syntax. 
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Similar lo the strategy previously described, if the differing 
tokens are on the edge of the C++ translation <^ a macro 
body, there is no problem if they are mapped outside. For 
exan^lc, if a C++ type cast applies to an entire macro 
expansion, then the generated text should show the type cast 
applied to the maao invocation syntax. 

Remidies for Inconsistently Translated Maaos and 
Macro Actual Parameters 

Although a careful design of token associations, taking 
into account common coding practices in the source 
language, can ensure that fragment mismatch problems are 
a rare event it cannot prevent all possible problems. When 
an inconsistently translated macro or macro actual parameter 
occurs, the user can choose from three remedies. Each of the 
remedies can solve any fragment mismatch problem. If the 
macro in question is exported, changing the macro interface 
in the original language implementation Is usually not 
possible. 

Recode the macro body so that the translation 'Vorks." 
This strategy is viable if rccoding the body of the macro 
avoids the problematic construct and does not disturb the 
interface or the usage of the macro. If recoding the macro 
requires changes at all points of use. then tfiis might not be 
a viable solution. 

Give the Rosetta Translator permission to expand all uses 
of the macro. This strategy eliminates any fragment mis- 
matd) problem at the cost of deimpiementing the macro that 
contained a problem. It is not a desirable solution if the 
macro was useful for improving the usability, 
maintainability, or readability of the software, or if the 
macro was expofted. It is a viable solution if the product 
maintainer is not interested in preserving the macro. The 
next example illustrates the expansion of a macro. 



plALCode 


GcncTutcd C-H- Code 


define lexpaod! shifty (x, y> ~ 


X « y#; 


a shifty(2, 3); 


a = 2 « 3; 



Give the Rosetta Translator permission to create an addi- 
tional macro parameter to encapsulate the differences. This 
strategy eliminates any fragment mismatch problem. It has 
the potential of producing actual parameters in ^e target 
language code that are less sensible than a programjner 
would write. Recalling the example df a mismatdiing macro 
body from the previous section, the differences can be 
enc^sulated. The next exan4>lc illustrates this enc^sula- 
tion. 



pTALMAcK) 



Gencned C-H- Macro 



tzcio-lengtb anay causes a to overtay k! 

define fields !FORMAL:stype! = 

inl a [0:- 1 ); «defiDc &cld5(stype) 
uwignedC I ) k #; ledef (short, a, 

_tobitfieki(stypc k)); \ 

unsigDed k: 1 



pTALCodc 



GeDe7aledC++ Oxle 



struct f; 
begin 

fields; 
end; 
struct g; 



class C_ { 
fields (O; 

class g_ { 
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-continued 



begta 

fiekb; 
end; 



fie»ds(&_); 

}g; 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A prior art tree data structure is outlined in FIG. 1. The 
purpose of this data structure is to relate a set of '^things.** or 
45 objects in a hierarchy. One object in this set. called a root 
node, is at the vertex. From the root, links, called branches, 
connect to other objects, called nodes. In turn, the nodes naay 
branch to other nodes ultimately terminating in a set of 
objects called leaves. Viewing the tree from the root to the 
50 leaves, tracing a single path of branches, nodes are ancestors 
of each other. Conversely, viewing the tree from a leaf to the 
root, again tracing a single path, nodes are descendants of 
each other. Choosing an arbitrary node, it is considered the 
child of the node to which it branches toward the root and 
55 the parent of the node branching toward the leaves. 

FIG. 2 illustrates a contribution of the present invention to 
the prior art. It is termed a doubly-rooted tree data structure. 
This doubly-rooted tree has two roots 511 and 517, but only 
a single set of leaves 515. Rrom each root emanates a tree, 
60 as in the prior art but the nodes 513 and 519, branches 521 
and 523. and hierarchical anangement of the two trees may 
. be different as long as the two trees co-tcrminatc at a single 
set of leaves 515. In the present invention, the leaves of a 
doubly-rooted tree are considered tokens and are collec- 
ts tively referred to as the 'Virtual source.** 

FIG. 2A is a simplified block diagram of a computer 
system, designated generally with the reference numeral 
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IDA iDCoiporating the data stnicturc of FIG. Z As FIG. 2A 
illustrates, the oon^utmg system lOA includes a central 
processing unit (CPU) llA that is coupled to a memory 14A 
and an input/output channel (IOC) 16A by a bus structure 
ISA. The IOC 16A, in turn, connects the CPU llA to a data 5 
storage area 22A by an input/output (I/O) 2<>A. The data 
storage area 22A may take the form of a magnetic disk 
media storage device, an electronic memory, or a commu- 
nications link to other storage areas. 

While a doubly-rooted tree is two dimensional the con- 
cept can be expanded to three, four, or more dimensions (not 
illustrated). Multiple trees may co-terminate at a single set 
of leaves to form an N-rootcd tree. 

Prior art trees are useful in conq>uter language compilers 
such as the simple one depicted in the data flow chart. FIG. 
3. In the prior art confer, source code 51 flows first 
through a scanner 53. where a stream of characters is divided 
into recognizable **WQrds** or tokens and then to a parser 55, 
which determines a hierarchical relationship anoong the 
tokens and builds a syntax tree 57. An additional step, 20 
perforated by a semantic analyzer 59. further refines the 
syntax tree 57. A syntax translator 61 coDverts tiic syntax 
tree 57 into an intermediate code tree 63. In turn a code 
generator 65 converts the intermediate code tree 63 into 
object code 67. Also commonly called machine code, object 25 
code 67 is an instruction sequence which a conq)uter can 
directly execute and is usually stored on magnetic media or 
in electronic memory. In the normal course of usage, 
machine code is not stored in a manner which humans can 
read and interpret For background information on the ^ 
construction of compilers, sec Aho. Sethi, and Ullman, 
Compilers: Principles, Techniques, and Tools, Addison- 
Weslcy. 1985. 

FIG. 3A is a dose view of the syntax tree 57 for the pticx 
art compiler depicted in FIG. 3. It represents the FORTRAN 
statement Z=X+Y (nodes 57a, 57^ 57c, 574 57^). 

As illustrated in FIG. 4, the source code to source code 
translatcR- of the i^esent invention, in sinq>lified fono. gen- 
erally follows the flow of the pricr art compiler of FIG. 3. 
However, instead of en^loying simple tree data structures, ^ 
the translator uses two doubly-rooted trees to preserve 
contextual information such as macros, conditionally com- 
piled regions of code, source inclusion, conunents. and other 
prqprocessor characteristics. 

FIG. 4 A is a dose view of the source syntax tree 7 and the 
joined leaves 9, representing virtual source, for the present 
translator depicted in FIG. 4. It represents the FORTRAN 
statement Z=X+y (nodes 7a, 7b, 7c, 7d, 7e and leaves 9a, 9b, 
9c, 9d, 9e). The leaves 9 representing virtual source are 
absent in the syntax tree 57 for the priOT art conqsilcr 
depicted in FIG. 3A. The i»ior art compiler does not require ^ 
a con^lete virtiial source to reduce source code to interme- 
diate language or machine code, while the present invention 
does require virtual source to translate from one high level 
language to another. 

FIG. 5 is a flowchart that describes a noethod for building 
of the first tree in doubly rooted tree, joined at the leaves. 
This method is applicable to building the source fragment 
tree 19 of FIG. 4. The method builds the tree from the top 
down. The flowchart uses the following data and operations: 
Source is a set of ordered set of objects employed in step ^ 

663. one of which is identified as primary. 
Ordered set of objects, operations: 

Open 603 

Test for whether or not the set is exhausted MS 

Get the next object 607 

Object is a leaf or an ordered set 
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Operations: 

Test for whether the object is a leaf or an ordered set 609 
Attach to parent node 
Node operations: 
Accept ordered attachment of children 
Get parent node 

FIG. 6 is a flowchart that describes a method for building 
a second tree in the doubly rooted tree, joined at the leaves. 
This method is qjpUcable to building the source syntax tree 
7 of FIG. 4. The ordered set of leaves in step 621 that is input 
to the parser 623 is yidded by an inorder traversal of the first 
tree. The method builds the tree from the bottom up. 

FIG. 7 is a flowchart that describes the translation of the 
second tree in the doubly rooted tree, joined at the leaves. 

FIG. 8 is a flowchart that describes the translation of the 
first tree in the doubly rooted tree, joined at the leaves. The 
flowchart uses the following data and operations: 
Node operations: 

Translate 

Attach to parent tKxie 

Test for whether the node is "open**: The "open** nodes in 
the tree indude the ancestors oi the last leaf that was 
added to the tree. Adding a child to a node "doses" 
nodes that are no longer ancestors of the latest leaf 
added. 
Leaf operations: 

Attach to parent node 
Input set operations: 
Test for whether the set is exhausted 
Another way of describing FIG. 8 is that it shows a 
method of translating a fragment tree from the source 
doubly-rooted tree to the target doubly-rooted tree. This is a 
critical suge in the translation process; it is the point at 
which preprocessor characteristics are transferred from the 
source code to the target code. After building the target 
language syntax tree, the translator traverses the target 
language virtual source token stream, and builds the target 
language fragment tree, based on the position in the source 
language fragment tree of the source language token asso- 
ciated with each target language token encountered in the 
virtual source stream. 

Operations are as follows: 

Attach(x. y): Attach x to y: y becomes the parent of x. x 
is added positionally afta pre-existing siblings. 

iyanslate(n): Translate n (token or fragment) to the target 
language version of the object, and tc$uni the translation. 

TYanslation(n): Return the latest translation of the frag- 
ment n; nil if it has not been translated. 

Parent(n) : If n is a token, return the fragment in which n 
resides. If n is a fragment, return the invocation syntax of the 
fragment (macro name token, for exanq>le). 

IsOpen(n): Return true if the fragment n is open in the 
target fragment tree. The "open** nodes in the target language 
fragmeut tree indude the ancestors of the last token that was 
added to the fragment tree. Adding a child to a fragment 
"closes" nodes that are no longer ancestors of the latest 
token added. Begin by translating the main source indude 
fragment This fragment is initially open. 



FOR (TaigeUbkcD - each token ta the tai^et language virtual 
soucit) BEGIN 

SourceToken = the source token associated with the ctinent 
Toigen'okeD 

SourccFrag = Parent (SourccTbtai) 
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IF (IsOpcD (TransUtkm (SourccFrag))) 
THE BEGIN 

/* odd a new token to an existing fragment that b afacady 

open */ 

TargctPrag = TVaoslatkin (Source Frag) 

Attach (TaigcnrokcQ, TaigetFrag) 
END ELSE BEGIN 

/* create a new fragmcntr and add the new token to it */ 

TaigetFrag = TVanslate (SourccFrag) 

Attach (TaigeObken, TargetFrag) 

SoucrelnvSyntax = Paxcot (SouiccFrag) 

l^igetlnvSyntax = Translate (SoutcelnvSyntax) 

Attach (TaigetFrag, TargetlnvSyntax) 

SourceFrag = Parent (SourcelnvSyntax) 

/* Create new fr^^gments and invocatioa syntax until 
TargelToken is 

connected to the tree. */ 

WHLE (NOT IsOpcn (Translation (SourccFrag)) ) BEGIN 
TargetFrag = lianslate (SoucrcFrag) 
Attach (TarttIi](vSyntax, T^dFrag) 
SourcelnvSyntaK = Parent (SourccFrag) 
TargetlnvSyiUax = Translate (SoutcdnvSyntax) 
Attach (TaigetFrag, TargcthivSyntax) 
Soutcdr^ = Parent (SourcelnvSyntax) 

END WHILE 

Targetf^tag = l^anshtion (SourceFrag) 
Attach (TaigetlnvSynlflx, TaigetFrag): 
END ELSE 
END FOR 



Taken together. FIGS. 9. 10. and 11 show an example of 
how the method of FIGS. 5. 6, 7, and 8 operates on a specific 
two line macro: 

define less(x)=a<x#; 

while le5s(42) do 
The macro was written for a compiler of a Tandem propri- 
etary high level language. pTAL. The target source code is 
a well known standardized language. C++. Correctly trans- 
lated to C++, the macro reads: 

#dcfine less(x)<x 

whUe (a less(42)) 

FIG. 9 depicts an example fragment tree and syntax tree, 
using the pTAL language as the source language. This 
diagram represents an explosion of the pTAL syntax tree. 
pTAL fragment tree, and the pTAL tokens that connect them 
depicted in a mere general way in FIG. 4: the source 
fragment tree 19. the source syntax tree 7. and leaves 9 that 
join them. The pTAL fragment tree and syntax tree is a 
doubly rooted tree jointed at the tokens. The tokens making 
up the body of the deiine "less" are represented in their 
context of use. 

Fragment 121 represents the primary input file. Fragment 
127 represents the invocation of the macro "less". Tokens 
153. 155. 157. 159, 161. 163. 165, 167. 169. t29. 131. 135, 
and 177 arc in fragment 127. The macro's invocation syntax 
129, 131, 135 is associated with the fragment 127. The 
tokens 171. 173. and 141. which con^se the macro body, 
are in fragment 127. Fragment 137 represents the substitu- 
tion for macro formal parameter '"x^ of the actual parameter 
text, which is the token 175. The macro formal parameter's 
invocation syntax 141 is associated with the fragment 137. 
The token 175, which is the macro actual parameter, is in 
fragment 137. 

Node 179 represents a pTAL procedure. That procedure is 
composed of a macro declaration represented by node 147 
and a while statement represented by node 149. The macro 
declaration 147 contains the tokens 153. 155. 157. 159. 161. 
163. 165. and 167. The body of the macro is expanded in its 
context of use. The while statement 149 is composed of the 
token 169. an expression represented by node 151. and the 
token 177. The expression 151 is composed of the tokens 
171. 173. and 175. 
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FIG. 10 depicts a pTAL fragment subtree and syntax 
subtree, including the tokens that link them. It also depicts 
the C++ syntax tree that represents the translation of the 
pTAL syntax tree. The syntax translator has translated each 
5 pTAL syntactic construct to a semantically equivalent C++ 
syntactic construct In addition, it maps pTAL tokens to C++ 
tokens. The pTAL fragment tree has not yet been translated 
to its C++ counterpart. The source language while statement 
149 has been translated to the target language while state- 
to ment 239. The source language expression 151 has been 
translated to the target language expression 241. Each C++ 
token in the C++ syntax tree 243, 245. 247. 249. 251. 253 
was "generated" by exactly one pTAL token. C++ token 243 
was generated by pTAL token 169, C++ token 245 was 
15 generated by pTAL token 171, and so on as depicted by 
dashed arrows. The association between a C++ token and a 
pTAL token, depicted as dashed arrows, determines in which 
virtual fragment the token belongs; these associations make 
it possible to build a target language fragment tree. One 
20 pTAL token may generate several C++ tokens: 169 gener- 
ates 243, 245. and 253. One pTAL token may generate no 
C++ tokens: token 177 generates no C++ tokens. Each C++ 
token is generated by exactly one pTAL token. 

FIG. 11 depicts a pTAL fragment tree and syntax tree. 
25 including the tokens that link them. It also depicts a seman- 
tically equivalent C+f fragment tree and syntax tree, includ- 
ing the tokens that link them. It depicts FIG. 11 after the 
translation of the fragment tree. In order to perform the 
translation, traverse the leaves of the C++ syntax tree; these 
30 leaves will become the leaves of the C++ fragment tree. 

Following is a walkthrough of building the example C++ 
fragment subtree that is equivalent to the pTAL fragment 
subtree depicted in FIG. 10 and FIG. 11. A fragment in the 
C++ fragment tree is "open** if it is an ancestor of the leaf 
35 that was nwst recently added to the C+f fragment tree. 

IVanslate the root of the pTAL fragment tree: the pTAL 
fragment 121 is translated to the C++ fragment 273. The 
C++ fragment tree root node 273 is initially "open**. 
Consider the C++ token 243. 
40 This token is associated with the pTAL token 169. 

The pTAL token 169 is contained in pTAL fragment 121, 
which translated to C++ fragment 273. 

C++ fragment 273 is "open**. 

Add C+f token 243 to C++ fragment 273. 
45 Consider the C++ token 245. 

This token is associated with the pTAL token 169. 

The pTAL token 169 is contained in pTAL fragment 121. 

pTAL fragment 121 translated to C++ fragment 273. 

C++ fragment 273 is "open**. 
50 Add C++ token 245 to C++ fragment 273. 
Consider the C++ token 247. 

This token is associated with the pTAL token 171. 

The pTAL token 171 is contained in pTAL fragment 127. 

The pTAL fragment 127 has not been translated, so does 
55 not iqjpear in the C++ fragment tree. 

Translate the pTAL fragment 127 to create the C++ 
fragment 265. 

Add the C++ token 247 to the C++ fragment 265. 

The parent of the pTAL fragment 127 is the pTAL 
60 fragment 121. 

pTAL fragment 121 translated to the C++ fragment 273. 

C++ fragment 273 is "open** in the C++ fragment tree. 

Add the C++ fragment 265 to the C++ fragment 273. 
Consider the C++ token 249. 
65 This token is associated with the pTAL token 173. 

The pTAL token 173 is contained in the pTAL fragment 
127. 
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' The pTAL fragment 127 translated to the C++ fragment 
265. 

The C++ fragment 265 is "open** in the C++ fragment 
tree. 

Add the C++ token 249 to the C++ fragment 265. 5 
Consider the C++ token 251. 

This token is associated with the pTAL token 175. 

The pTAL token 175 is contained in &e pTAL fragment 
137. 

The pTAL fragment 137 has not been translated so docs jq 
DOt appear in the C++ fragment tree. 

Translate the pTAL fragment 137 to create the C++ 
fragment 261. 

Add the C++ token 231 to the C++ fragment 261. 

The parent of the pTAL fragment 137 is the pTAL ^5 
fragment 127. 

The pTAL fragment 127 was translated to the C++ frag- 
ment 265. 

The C+f fragment 265 is "open** in the C++ fragment 
tree. 

Add the C++ fragment 261 to the C++ fragment 265. 
Consider the C++ token 253. 

This token is associated with the pTAL token 169. 

The pTAL token 169 is contained in pTAL fragment 121. 
which translated to C++ fragment 273. 25 

C++ fragment 273 is "open**. 

Add C++ token 253 to C++ fragment 273. 

Notice that the C++ fragments 261 and 265 arc no longer 
"open**: they are no longer ancestors of the last C++ token 
to be added to the C++ fragment tree. 3Q 

What is claimed is: 

1. A method for use in a computer system for translating 
a first source code of a source computer language into a 
second source code of a target computer language, said 
method comprising: 35 
creating a source doubly-rooted tree data structure, said 
creating including: 
retrieving the first source code; 
producing virtual source from the first source code to 

create a source fragment tree; 40 
scanning the first source code to fonn a virtual source; 
identifying the virtual source as leaves of the source 

doubly-rooted tree; 
identifying leaves of the source fragment tree wife the 

leaves of the source doubly-rooted tree; 45 
parsing the virtual source into a source syntax tree such 
that the leaves of the source syntax tree arc identified 
with the leaves of the source doubly-rooted tree; and 
obtaining and storing semantic information convicting 
a description of the source code in the source syntax 50 
tree; 

creating a target dout>ly-rooted tree data structure includ- 
ing: 

translating the source syntax tree and creating a target 

syntax tree; 55 
identifying leaves of the target syntax tree with leaves 

of the target douWy-rooted tree; 
associating leaves of the target doubly-rooted tree with 

corresponding leaves of the source doubly-rooted 

tree; 60 
translating the source fragment tree and creating a 

target fragment tree so that leaves of the target 

fragment tree are ordered; and 
identifying leaves of the target fragment tree with 

leaves of the target doubly-rooted tree; 65 
generating the second source code from the target doubly- 
rooted tree; and 



storing the second source code. 

2. The method of claim 1 wherein the step of translating 
the source fragnoent tree and creating a target fragment tree 
comprises: 

locating the root of the source fragment tree; translating 
the source root to the root of the target fragment tree; 
and 

building the target fragment tree based on the position of 
leaves in the source fragment tree including the steps 
of: 

locating a target fragment tree leaf; 

examining a source fragment tree leaf associated with 

the target fragn^nt tree leaf; 
examining a parent node of the source fragment tree 

leaf; 

firstly testing whether the most recent translation of the 
parent node is an ancestor of the most recently 
attached target fragment tree leaf or is the root of the 
target firagntent tree; 

attaching the target fragment tree leaf to the parent node 
of the most recently attached leaf; attaching the 
target fragment tree leaf to the parent node; and 
examining a next target fragment tree leaf, if any. if 
the first test result is TRUE; 

translating the parent node; adding the parent node to 
dse target fragment tree; attaching the target frag- 
ment tree leaf to the parent node; assigning the 
parent node to a first temporary object; 

assigning a parent of the parent node to a second 
ten^xjrary object . if the first . test result is FALSE; 

secondly testing whether the second temp<^ary object 
is an ancestor of the most recently attached target 
fragment tree leaf or is the root of the target fragment 
tree, if the first test result is FALSE; 

adding the second temporary object to the target frag- 
ment tree; attaching the first temporary object to the 
ancestor node; examining a next target fragment tree 
leaf, if any, if the first test result is FALSE and the 
second test result is TRUE; and 

translating the second temporary object; attaching the 
second t&mponay object to the fragment tree; attach- 
ing the first temporary object to the second ten^x>- 
rary object; assigning the second temporary object to 
the first temporary object; and continuing from said 
stqp of secondly testing, if the first test result is 
FALSE and the second test result is FALSE. 

3. An apparatus for translating a first source code of a 
source computet language into a second source code of a 
target computer language while jHCserving text preprocessor 
statements and expressions coir^rising: 

source con^uter language file means with memory allo- 
cated for storing the first source code; 

target computer language file means with memcry allo- 
cated for string the second source code; 

means for creating a first and second doubly-rooted tree 
data structures with raemOTy allocated for infonnation 
to be stored within the first and second data stnictures; 

means for retrieving the first source code from memory; 

means for scanning and parsing the first source code into 
a first virtual source; 

means coupled to the scanning and parsing means for 
storing the first virtual source code while scanning and 
parsing in the first doubly-rooted tree data structure so 
that text preprocessor statements and expressions are 
preserved; 
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means for translating the first doubly-rooted tree structure 

into a second virtual source code; 
means coupled to the translating means for storing the 

second virtual source code in the second doubly-rooted 

tree data structure so that text preprocessor statements 

and expressions are preserved; 
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means for traversing the second data structure coupled to 
means for creating the second source code; 

means for staing the second source code coupled to the 
target conqxitcr language file means. 
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United Stales Court of Appeals, 
Federal Circuit. 

ECOLOCHEM, INC., Plaintiff- Appellant, 

V. 

SOUTHERN CALIFORNIA EDISON COMPANY, 
Defendant-Appellee. 

No. 99-1043. 

Sept. 7, 2000. 
Rehearing Denied; Suggestion for Rehearing En Banc 
Declined Dec. 13, 2000. 

Patentee of deoxygenation processes for liquid containing 
dissolved oxygen brought patent infringement action against 
operator of nuclear generating station. Operator 
counterclaimed for declaratory judgment of invalidity, and 
asserted equitable defenses. The United States District Court 
for the Central District of California, 863 F.Supp. 1165, 
granted partial summary judgment for operator, invalidating 
certain claims. The Court of Appeals affirmed in part and 
reversed in part. Following bench trial, the District Court, 
Richard A. Paez, J., 1998 WL 1182000, found willful 
infringement, but determined that all infringed claims were 
invalid. Patentee appealed. The Court of Appeals, Michel, 
Circuit Judge, held that: (1) patent claims were not 
anticipated by prior art articles; (2) one claim was 
anticipated by scientist's public presentation; (3) majority of 
claims were not rendered obvious by prior art, absent 
motivation to combine prior art references; but (4) patentee 
did not rebut prima facie case of obviousness as to one 
claim. 

Affirmed in part, reversed in part, and remanded. 

West Headnotes 

[1] Patents €>^70 

291 k70 Most Cited Cases 

Claims in patent for deoxygenation processes for liquid 
containing dissolved oxygen were not anticipated by prior 
art articles, since articles' discussion of applications of 
deoxygenated water was limited to use of hydrogen 
deoxygenation, while patent claims involved deoxygenation 
by hydrazine in combination with a mixed bed ion exchange 
resin. 35 U.S.C.A, § 102(a). 

[2] Patents €^324.55(4) 

29 lk324.55(4) Most Cited Cases 

Court of Appeals reviews for clear error the district court's 
decision on anticipation of a patent claim after trial. 35 
U.S.C.A. § 102(a). 



[3] Patents €^0 

291k60 Most Cited Cases 

Claims in patent for deoxygenation processes for liquid 
containing dissolved oxygen, which required removal of 
excess hydrazine in the final ion exchange step, were not 
anticipated by scientist's public presentation at International 
Water Conference, which did not discuss removal of excess 
hydrazine, but presentation did anticipate claim directed to 
deoxygenation process comprising steps of passing liquid 
containing oxygen and hydrazine through activated carbon, 
and then passing liquid through mixed bed ion exchange 
resins to remove at least the dissolved contaminants. 35 
U.S.C.A. § 102(a). 

[4] Patents €^0 

291 k60 Most Cited Cases 

A public presentation indicative of the state of knowledge 
and use of an invention in the United States qualifies as 
prior art for anticipation purposes under the patent statute. 
35 U.S.C.A. § 102(a). 
[5] Patents €>^324.55(4) 
291k324.55(4) Most Cited Cases 

Court of Appeals reviews de novo the district court's 
conclusion of obviousness of a patent claim. 35 U.S.C.A. § 
103(a). 

[6] Patents €^16.5(1) 

291k 16.5(1) Most Cited Cases 

Patent claims directed to deoxygenation processes for liquid 
containing dissolved oxygen, which used process set forth 
in prior art article, including use of carbon bed, followed by 
use of mixed bed ion exchange resin downstream of carbon 
bed, were not rendered obvious by combination of article 
and other references, as there was no evidence of any 
suggestion, teaching, or motivation to combine article and 
other references, and there was evidence of teaching away 
from demineralization and deoxygenation processes used by 
patentee. 35 U.S.C.A. § 103(a). 

[71 Patents €^16(4) 

291k 16(4) Most Cited Cases 

Court of Appeals cannot use hindsight reconstruction to 
pick and choose among isolated disclosures in the prior art 
to deprecate the claimed invention pursuant to a claim that 
patent is invalid for obviousness. 35 U.S.C.A. § 103(a). 

[8] Patents €>^26(1) 

291k26(l) Most Cited Cases 

When a rejection for obviousness depends on a combination 
of prior art references, there must be some teaching, 



Copr. © West 2003 No Claim to Orig. U.S. Govt. Works 



56U.S.P.Q,2d 1065 . 
(Cite as: 227 F.3d 1361) 



suggestion, or motivation to combine the references, and the 
same principle applies to invalidation of the patent. 35 
U.S.C.A. § 103(a). 

[9] Patents €>^16(4) 

291k 16(4) Most Cited Cases 

[9] Patents €^26(1) 

291k26(l) Most Cited Cases 

Although the suggestion to combine prior art references 
may flow from the nature of the problem, defining the 
problem in terms of its solution reveals improper hindsight 
in the selection of the prior art relevant to obviousness; 
therefore, when determining the patentability of a claimed 
invention which combines two known elements, the 
question is whether there is something in the prior art as a 
whole to suggest the desirability, and thus the obviousness, 
of making the combination. 35 U.S.C.A. § 103(a). 

[10] Patents €>^36(1) 
29lk36(l) Most Cited Cases 

Broad conclusory statements regarding the teaching of 
multiple prior art references, standing alone, are not 
evidence of a motivation to combine those references, as 
would support a claim of obviousness. 35 U.S.C.A. § 
103(a). 

[11] Patents €^36.1(2) 

291k36.1(2) Most Cited Cases 

[11] Patents €>^36.1(3) 

29 1 k36. 1 (3) Most Cited Cases 

[11] Patents €^36.2(1) 

29 1 k36.2( 1 ) Most Cited Cases 

Patentee failed to rebut prima facie case of obviousness as 
to claim for deoxygenation process for liquid containing 
dissolved oxygen, despite some evidence of secondary 
considerations of nonobviousness such as modest 
commercial success and teaching away from use of prior art 
process incorporated in claimed process, in light of absence 
of any evidence that others were trying to emulate patented 
process, and fact that patentee applied for patent on the 
process within two years of publication of industry 
guidelines recommending use of deoxygenated water in 
nuclear power plants. 35 U.S.C.A. § i03(a). 

[12] Patents €^324.5 

291k324.5 Most Cited Cases 

[12] Patents €^324.55(4) 

29Ik324.55(4) Most Cited Cases 



While Court of Appeals review the district court's factual 
findings on the secondary considerations of obviousness for 
clear error, on claim of patent invalidity, Court reviews the 
ultimate determination of obviousness de novo. 35 U.S.C.A. 
§ 103(a). 

[13] Patents €>^36.2(4) 

291k36.2(4) Most Cited Cases 

[13] Patents €>:=^324.55(4) 
29lk324.55(4) Most Cited Cases 

District court clearly erred in finding that operator of 
nuclear generating station established that success of 
patentee's invention, namely, a deoxygenation process for 
liquid containing dissolved oxygen, was due to factors not 
claimed in the patented invention, for purpose of claim that 
patent claim was invalid as obvious, in light of operator's 
own statements that success was based both on mobility of 
commercial embodiment of invention, which was not 
claimed, and on invention's improved filtration process, 
which was claimed. 35 U.S.C.A. § 103(a). 

[14] Federal Courts €^844 

170Bk844 Most Cited Cases 

Court of Appeals gives great deference to the district court's 
decisions regarding credibility of witnesses. 

[15] Patents €>=?34 

291 k34 Most Cited Cases 

The fact of near-simultaneous invention, though not 
determinative of statutory obviousness, is strong evidence of 
what constitutes the level of ordinary skill in the art, 
although the possibility of near simultaneous invention by 
two or more equally talented inventors working 
independently may or may not be an indication of 
obviousness when considered in light of all the 
circumstances. 35 U.S.C.A. § 103(a). 

[16] Patents €^36{3) 
291k36(3) Most Cited Cases 

Disu-ict court clearly erred in finding that prior art did not 
teach away from using process set forth in prior art article, 
or from combining it with a mixed bed ion exchange resin 
in any manner, to develop claimed deoxygenation and 
demineralization process used in nuclear power generator, 
for purpose of claim that patent directed to deoxygenation 
process was obvious, in view of various references warning 
against use of prior art process due to carbon contaminants, 
and reference finding prior art process to be inefficient and 
expensive. 35 U.S.C.A. § 103(a). 

[17] Patents €>^36.1(2) 

29Ik36.1(2) Most Cited Cases 
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[17] Patents €>=?36.1(5) 
291k36.1(5) Most Cited Cases 

One indicia of non-obviousness of a patented product is the 
acclamations it receives when it is released, and the copying 
that occurs. 35 U.S.C.A. § 103(a). 

[18] Patents €>:^36.1{2) 
291k36.1(2) Most Cited Cases 

Court's belief that patented process was not novel was not 
proper basis for discounting copying of claimed invention as 
evidence of nonobviousness. 35 U.S.C.A. § 103(a). 
[19] Patents e^36.1(2) 
291k36.1(2) Most Cited Cases 

A showing of copying of a claimed invention is only 
equivocal evidence of nonobviousness in the absence of 
more compelling objective indicia of other secondary 
considerations, because the alleged copying could have 
occurred out of a general lack of concern for patent 
property. 35 U.S.C.A. § 103(a). 

Patents €^328(2) 

291k328(2) Most Cited Cases 

4,430,226. Cited As Prior Art. 

Patents €^328(2) 

291k328(2) Most Cited Cases 

4,556,492. Cited. 

Patents €^328(2) 

291k328(2) Most Cited Cases 
4,818,411. Invalid. 

*1363 Clifton E. McCann, Lane, Aitken & McCann, of 
Washington, DC, argued for plaintiff-appellant. With him 
on the brief was Andrew C. Aitken. 

Ted G. Dane, Munger, Tolles & Olson, of Los Angeles, 
Cahfomia, argued for defendant-appellee. With him on the 
brief was Gregory P. Sione. 

Before MICHEL, CLEVENGER, and RADER, Circuit 
Judges. 

MICHEL, Circuit Judge. 

Ecolochem, Inc. ("Ecolochem") filed suit in 1992, alleging 
that Southern California Edison Company ("Edison") 
infringed Ecolochem's U.S. Patent Nos. 4,556,492 ("the '492 
patent") and 4,818,411 ("the '411 patent") when 
deoxygenating water in the High-Flow Makeup 
Demineralizer ("HFMUD") at Edison's San Onofre Nuclear 



Generating Station ("SONGS"). Edison denied 
infringement, counterclaimed for declaratory judgment of 
invalidity, and asserted equitable defenses. By grant of 
partial summary judgment to Edison, the United States 
District Court for the Central District of California 
invalidated claims 1, 2, and 5-10 of the '492 patent and 
claims 20-21 of the '411 patent, holding the subject matter 
of each of these claims to be either anticipated under 35 
U.S.C. § 102 and/or obvious under 35 U.S.C. § 103. On 
appeal to this court, we reversed the holding by the district 
court that there was no genuine issue of material *1364 fact 
that the invention of claim 20 of the '41 1 patent would have 
been obvious at the time of the invention, and remanded the 
case for a trial on invalidity in light of Ecolochem's 
evidence of secondary considerations. As to the invalidation 
of the other appealed claims, we affirmed. Ecolochem 
continued to assert infringement of claims 1, 3-13, 15, 17, 
18, and 20 of the '411 patent after remand, but dropped its 
suit as to the remaining claims of the '492 patent. After a 
bench trial, the district court found that Edison had willfully 
infringed claims 1, 3-13, 15, 17, 18, and 20 of Ecolochem's 
'411 patent and rejected Edison's equitable defenses. The 
court then went on to invalidate all of the claims found to be 
infringed. Ecolochem appeals the holdings of invalidity as 
to claims 1, 3-13, 15, 17, 18, and 20 of the '41 1 patent here. 
Edison does not cross-appeal the district court's finding that 
Edison willfully infringed those claims of the '41 1 patent. 

We affirm the district court's finding that claim 20 of the 
'41 1 patent was proven invalid by clear and convincing 
evidence both as anticipated under 35 U.S.C. § 102 and 
obvious under 35 U.S.C. § 103. We reverse its findings of 
invalidity for anticipation for claims 1, 4, and 7-12 because 
we discern clear error in the district court's finding that the 
prior art was proven by clear and convincing evidence to 
have recited every limitation of claims 1, 4, and 7- 12. We 
also reverse the district court's conclusions that the subject 
matter of claims 1, 3-13, 15, 17, and 18 of the '411 patent 
was proven invalid for obviousness by clear and convincing 
evidence, as we discern clear error in the district court's 
implicit finding that there was motivation to combine the 
teachings of the prior art references. As the district court's 
findings of willful infringement stand unchallenged, we 
remand for a determination of damages. 

BACKGROUND 

Edison operates SONGS, a type of nuclear power plant 
known as a Pressurized Water Reactor ("PWR"). PWRs use 
water in two systems, called the "primary system" and the 
"secondary system." A minute amount of water from the 
secondary system is lost during each operation cycle. This 
water must be replaced, and the replacement water is 
commonly referred to as "make-up water." Because water in 
the secondary system must be of extremely high purity. 
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make-up water is supplied from a make-up demineralizalion 
system, which takes outside source water and refines it 
through "demineralizalion," i.e., the removal of mineral 
ions. 

During the start-up operations for SONGS, Edison decided 
to construct a HFMUD to meet the make-up water needs of 
SONGS' two active reactors. While the HI^^UD was being 
constructed, Edison employed outside vendors, including 
Ecolochem, to provide the needed make-up waten Before 
hiring Ecolochem, Edison hired other vendors who provided 
poor quality water and constantly shuttled demineralization 
trucks on and off Edison's property to meet Edison's 
requirements. In the sunmier of 1982, Edison hired 
Ecolochem to provide purer quality water at the large 
volumes Edison needed to meet its make-up water needs. 
Ecolochem used a patented "Mobile Flow" trailer apparatus 
to provide water treatment services, which enabled it to 
regenerate its trailers on-site, thus avoiding the other 
vendors* needs to truck the impure water off-site. 
Ecolochem, however, was hired only to produce 
demineralized water, not water that had been both 
demineralized and deoxygenated. 

The Electrical Power Research Institute ("EPRI"), a 
research organization for the power industry, published new 
guidelines in 1982, reconmiending the use of deoxygenated 
water in PWRs. These guidelines were soon implemented 
throughout the utility industry. In direct response to these 
guidelines, Edison asked Ecolochem to deoxygenate the 
make-up water used in SONGS. Shortly thereafter, 
Ecolochem began developing the patented process at issue 
in the instant case. 

*1365 Once construction of the HFMUD was finished, 
Edison had no further need for Ecolochem's services, being 
able to now produce, on its own, sufficient, high purity, 
deoxygenated make-up water by passing the water through 
the HFMUD. The HFMUD passes the make-up water 
through a strong acid cation [FNl] resin bed, a 
predominantly weak base anion [FN2] resin bed, an 
activated carbon bed, a second strong acid cation resin bed, 
a su-ong base anion bed, and, finally, a vacuum deareator. 
This process removes suspended, undissolved solids and 
dissolved impurities, including salt, mineral ions, organic 
chemicals, and oxygen. 

FNL Cation: An ion having a positive charge. See 
Webster's Ninth New Collegiate Dictionary 216 
(1990). 

FN2. Anion: An ion having a negative charge. See 
Webster's Ninth New Collegiate Dictionary 87 
(1990). 

Ecolochem alleged that Edison's process, as described 



above, infringes its '41 1 patent. Ecolochem asserted all three 
independent claims of the '411 patent, and multiple 
dependent claims. The independent claims read as follows: 
1. A deoxygenation process comprising a first step of 
contacting a liquid contacting [sic] dissolved oxygen and 
hydrazine with a bed of activated carbon to catalyze a 
reaction between said dissolved oxygen and a portion of 
said hydrazine, whereby an amount of dissolved carbon 
contaminants is added to said liquid, and a second step of 
removing said contaminants and said unreacted hydrazine 
that comprises passing said liquid through a strong acid 
cation exchange resin and a strong base anion exchange 
resin. 

15. A deoxygenation process comprising a first step of 
contacting water containing dissolved oxygen and 
hydrazine with a bed of activated carbon to catalyze a 
reaction between said dissolved oxygen and a portion of 
said hydrazine, whereby an amount of dissolved and 
undissolved activated carbon contaminants are added to 
said water, a second step of removing said dissolved 
contaminants and said unreacted hydrazine by passing 
said water through a strong acid cation exchange resin 
and a strong base anion exchange resin, said water being 
at a temperature above the freezing point of water and 
below a temperature that would damage said resins, 
removing said undissolved contaminants by passing said 
water through a filter whereby said undissolved 
contaminants are filtered from said water, and a fourth 
step of circulating said water in a power generating 
apparatus after said removing step. 

20. A deoxygenation process comprising a first step of 
contacting a liquid containing dissolved oxygen and 
hydrazine with a bed of activated carbon to catalyze a 
reaction between said dissolved oxygen and said 
hydrazine, whereby an amount of dissolved activated 
carbon contaminants is added to said liquid, and a second 
step of removing at least said dissolved contaminants by 
passing said liquid through a strong acid cation exchange 
resin and a strong base anion exchange resin. 
Asserted claims 3-13 depend on claim 1. Asserted claims 17 
and 18 depend on claim 15. Claim 20 is independent, and no 
claims dependent thereon are asserted. 

All asserted claims in suit recite a deoxygenation process 
for removing dissolved oxygen from a liquid. In 
representative claim 20, liquid containing oxygen and 
hydrazine passes through activated carbon, thus catalyzing a 
reaction between the oxygen and hydrazine, whereby an 
amount of dissolved carbon contaminants falls out of the 
reaction and is added to the liquid. Then the liquid passes 
through ion exchange resins, including both strong acid 
cation and strong base anion exchange resins, [FN3] to 
remove at least the dissolved contaminants. *1366 The 
invention of independent claim 1 is similar, except that the 
resins also remove any unreacted hydrazine. Claims 3 
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through 6 and claims 10 through 13 require further steps in 
the deoxygenation process, e.g., filu-ation. Claim 7 requires 
the temperature of the liquid to be above the liquid's 
freezing point, and below the temperature at which the 
resins would be damaged. Claim 8 requires the liquid to be 
water. Claim 9 requires that the liquid of claim 1 be water 
and that the water be circulated in a power generating 
apparatus. Independent claim 15 recites a combination 
similar to claim 9, and claims 17 and 18 add hydrazine and 
demineralize the water. 

FN3. A calion/anion exchange resin is a resin 
which, when brought in contact with liquid 
containing cation/anion contaminants, removes 
them. 

The '411 patent issued in 1989 from a continuation of an 
application which issued as the '492 patent on December 5, 
1985. Both the '411 and '492 patents are entitled 
"Deoxygenation Process." At the outset of this litigation, 
Ecolochem asserted claims under both the '492 and '411 
patents. 

On September 1, 1994, Judge Gadbois, the original trial 
judge, granted-in-part and denied-in-part Edison's motion 
for summary judgment seeking to invalidate various 
asserted claims of Ecolochem's patents. See Ecolochem, Inc, 
V. Southern Cal. Edison Co., 863 F.Supp. 1165 
(C.D.Cal.l994). Judge Gadbois held claims 1, 2, and 5-10 
of the '492 patent and claims 20 and 21 of the '41 1 patent to 
be invalid as either obvious and/or anticipated. Ecolochem 
appealed the partial summary judgment as to claims 1, 2, 
5-7, and 10 of the '492 patent and claim 20 of the '411 
patent. Ecolochem did not appeal the findings of invalidity 
of claims 8 and 9 of the '492 patent or claim 21 of the '41 1 
patent. We affirmed the disuict court's holdings of 
anticipation of claims 1, 2, 5, and 6 and obviousness of 
claims 7 and 10 of the '492 patent. We reversed the 
summary judgment of obviousness of claim 20 of the '41 1 
patent and remanded the case for a trial weighing the 
secondary consideration evidence as to claim 20. See 
Ecolochem, Inc. v. Southern Cal. Edison Co., No. 95-1320, 
91 R3d 169, 1996 WL 297601 (Fed. Cir. June 5, 1996) 
(table). 

Upon remand, the case was randomly reassigned to Judge 
(now Circuit Judge) Richard A. Paez [FN4] to conduct a 
trial on claim 20 and the remaining claims upon which 
summary judgment had not been granted in the earlier 
district court decision. Ecolochem asserted infringement 
with respect to claims 1 , 3- 1 3, 1 5^ 1 7, 1 8, and 20 of the '4 1 1 
patent. See Ecolochem, Inc. v. Southern Cal. Edison, No. 
92-3436, 1998 WL 1182000, *5 (C.D.Cal.l998) ( 
"Ecolochem "). After a bench trial. Judge Paez found that 
Edison had willfully infringed claims 1, 3-13, 15, 17, 18, 



and 20 of Ecolochem's '411 patent. Judge Paez, however, 
held claims I, 3-13, 15, 17, 18, and 20 of the '411 patent to 
be invalid for obviousness and claims 1, 4, 7-12 and 20 also 
to be invalid as anticipated. 

FN4. On March 9, 2000, the Senate confirmed the 
nomination of Judge Richard A. Paez to the United 
States Court of Appeals for the Ninth Circuit. 

Ecolochem appeals the rulings of the disurict court that 
claims 1, 4, 7-12, and 20 were anticipated and that the 
inventions of claims 1,3-13, 15, 17, 18, and 20 would have 
been obvious. Edison does not cross-appeal the district 
court's findings of willful infringement. 

We have jurisdiction under 28 U.S.C. § 1295(a)(1) (1994). 

ANALYSIS 
L Anticipation 
A. The Martinola Reference 

[1][21 The district court found claims 1, 4, 7-12, and 20 of 
the '41 1 patent to be anticipated by either of two articles, 
one published in 1980 and the other in 1981, by Dr. 
Friedrich Martinola and a co-author, both of which are 
entitled "Saving Energy by Catalytic Reduction of Oxygen 
in Feedwater." See Dr. Friedrich Martinola & P. Thomas, 
Saving Energy by Catalytic Reduction of Oxygen in 
Feedwater, in Proceedings *1367 of the 41st International 
Water Conference Pittsburgh 11 (1980); Dr. Friedrich 
Martinola and P. Thomas, Saving Energy by Catalytic 
Reduction of Oxygen in Feedwater, in Effluent and Water 
Treatment Journal 542 (December 1981). [FN5] Because 
these two articles are in most aspects identical, we refer to 
them together throughout as "the Martinola reference." We 
review the district court's decision on anticipation after trial 
for clear error. See Lindemann Maschinenfabrik GMBH v. 
American Hoist and Derrick Co., 730 F.2d 1452. 1462, 221 
USPQ 481, 488 (Fed.Cir.1984). 

FN5. The International Water Conference is an 
annual convention focusing on water treatment 
issues. 

The district court focused on Figure 10 of the Martinola 
reference (which is the same figure in both articles). Figure 
10 shows a few possible uses for deoxygenaied water, such 
as supplying make-up water for boilers, or for nuclear 
reactors. The figure is essentially a flow chart indicating 
various ways for the water to be deoxygenated, depending 
on the potential destination of the water. Water designated 
for nuclear reactors is shown flowing through three steps: 
demineralization, and then a two-step deoxygenation 
process, which is accomplished by passing the water 
through a catalyst column and a mixed bed. [FN 6] The 
district court interpreted Figure 10 as showing that the 
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catalyst column can contain either the Lewatit catalyst or 
activated carbon. The district court found that the reactant 
can be either hydrogen or hydrazine. 

FN6. A mixed bed is a resin bed which, when 
brought in contact with liquid containing cation 
and/or anion contaminants, removes them. In other 
words, a resin bed containing a mixture of cation 
and anion resins. 

On the face of the 1980 Martinola article, which fails to 
provide a detailed description of Figure 10, there is a bold 
heading reading: Application of oxygen reduction in 
water with hydrogen. Beneath this heading are two 
paragraphs of text, followed by Figure 10. The text reads: 
The process is recommended wherever the heat used for 
thermal degassing cannot be recovered. It will therefore 
be primarily used where the work has to be carried out at 
ambient temperature or where there is no heating steam 
available. 

Fig. 10 shows a few suggested applications. It also 
includes systems for the simultaneous treaUnent of water 
with ion exchange resins and oxygen reduction with 
catalysts. 

Martinola at 81-82 (1980). The 1981 article, on the other 
hand, has no bold headings, but discusses Figure 10 in more 
detail. The paragraph directly following Figure 10 reads: 
[T]he application of hydrogen to reduce oxygen in water 
is recommended wherever the heat used for thermal 
degassing cannot be recovered. It will therefore be 
primarily used where the work has i(f be carried out at 
ambient temperature or where there is no heating steam 
available. 

Figure 10 shows a few suggested applications. 
Martinola at 546 (1981). The latter description clarifies that 
Figure 10 is not meant to illustrate the use of either 
hydrogen or hydrazine, but only hydrogen, contrary to the 
findings of the disuict court in the instant case. This is 
particularly apparent when we examine the differences 
between the two articles. The heading in the 1980 article 
clearly illusu-ates that Figure 10 refers only to hydrogen, and 
the discussion in the text explains only that Figure 10 shows 
a few applications. The 1981 article does not limit Figure 
lO's applications to hydrogen through a heading, but states 
clearly in the text ("the application of hydrogen to reduce 
oxygen.... Figure 10 shows a few suggested applications.") 
that the suggested applications are for the utilization of 
hydrogen to reduce oxygen in water. 

*1368 We hold that the district court clearly erred in finding 
that the articles anticipate claims 1, 4, 7-12, and 20 of the 
'411 patent. Each article is entitled "Saving Energy by 
Catalytic Reduction of Oxygen in Feedwater." Each article 
discusses methods to deoxygenate water, dividing the 
methods in use at the time of the article into physical 



processes (vacuum degassing at low temperatures and 
pressure degassing at high temperatures), and chemical 
processes (reduction with sulfite, hydrazine or hydrogen). 
The articles state that the physical processes (or thermal 
degassing) have been the most common method of 
deoxygenating, as the chemical processes are expensive, 
slow to react at low temperatures, and contaminate the water 
by adding salts. The articles then state that the chemical 
process of deoxygenating water with hydrazine had been in 
use, but that the chemical process of deoxygenating water 
with hydrogen had not been, and concludes that the 
hydrogen process is preferable. [FN7J At the end of the 
articles is a comparison of the thermal degassing method, 
the hydrazine method, and the hydrogen method. The 
articles state that: 

FN7. The '411 specification explains further that 
"[i]n the prior art deoxygenaton [sic] processes, 
hydrazine has been used as a strong reducing agent 
to prevent corrosion and other problems associated 
with oxygenated water." *411 pat., coL 1, 11. 27-30. 
A review of the prior art indicates that small 
amounts of hydrazine were used in the final stage 
of deoxygenation, after the thermal degassing or 
other chemical process had been used, to remove 
the last traces of oxygen, while keeping to a 
minimum the contaminate byproducts of the 
hydrazine process. 

Precondition for the proper use of hydrazine is the 
pH-value of the water to be higher than 8.5, because only 
in this range the reaction with oxygen takes place with 
sufficient rate.... When applying activated carbon as a 
catalyst in the removal of oxygen with hydrazine at 
ambient temperatures it has to be taken into account that 
the carbon releases salts into the demineralized water. 
Martinola at 81 (1980); Martinola at 545-46 (1981). The 
articles then conclude that "[i]f we compare the final costs 
for all three processes ... we find that the method of oxygen 
reduction with hydrogen is much cheaper than the other 
methods. The required apparatus is also simple and needs 
virtually no maintenance." Martinola at 81 (1980); 
Martinola at 546 (1981). This conclusion is followed by a 
discussion of how to use water deoxygenated by hydrogen 
in different industries, as illustrated by Figure 10. Only in 
that discussion is there a suggestion to follow the catalyst 
column with a mixed bed if one plans to use water 
deoxygenated by hydrogen in nuclear power plants. The 
articles do not discuss the use of water deoxygenated by any 
other method in nuclear power plants. The articles' 
discussion of applications of deoxygenated water is limited 
to the use of hydrogen deoxygenation. 

The district court in the instant case disagreed with the 
earlier discussion of the Martinola reference by the district 
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court in Ecolochem, Inc. v. Mobile Water Tech. Co., 690 

RSupp. 778 (E.D.Ark.l988), aff'd, 871 F.2d 1096, 10 

USPQ2d 1557, 1989 WL 16031 (Fed.Cir.1989) (table). In 

the earlier case, the district court held that: 
[t]he diagram found on page 82 of the Martinola article is 
under the bold- faced heading "Application of oxygen 
reduction in water with hydrogen." [See Martinola at 81 
(1980) ] (emphasis supplied). Thus, the diagram refers to 
applications of the process the authors are trying to 
promote~ihe palladium/hydrogen catalysis—and not the 
hydrazine process which is discussed in a separate 
section. This conclusion is buttressed by the fact that the 
palladium/hydrogen process may also release ionic 
impurities into the effluent, see id. at 79 ("traces of 
chlorides or other ions may be released"), thus 
necessitating a downstream ion exchange resin when high 
purity deoxygenated water is required.... Nothing in the 
Martinola reference expressly teaches the use of a mixed 
bed ion exchange *1369 resin following the 
hydrazine/carbon process. 

Id. at 781-82. This is to be contrasted with the district court 

in the instant case, which wrote: 
[T]he Court respectfully disagrees with the disuict court's 
conclusion in Mobile Water that because Diagram 10 is 
positioned on the page following the heading 
"Application of oxygen reduction in water with hydrogen" 
and the associated text, Diagram 10 necessarily refers 
exclusively to reduction of oxygen in water with 
hydrogen and not to reduction of oxygen with hydrazine 
in an activated carbon column.... There is no room for 
Figure 10 at the bottom of page 81 because Figure 9 
extends too far down the page. Following Figure 9 is a 
brief conclusion to the article, in which the authors 
recommend use of the Martinola system whenever 
deoxygenation is to be carried out at ambient 
temperatures.... Thus, Figure 10 refers generally to 
methods of deoxygenating and purifying water. 

Ecolochem, at *38. 

The district court clearly erred by misconstruing Figure lO's 
relationship to the text of the article. As discussed above, 
this becomes even clearer once we examine the difference 
between the two articles. Dr. Martinola and his co-author 
very carefully made sure in both the 1980 article, through 
the heading, and the 1981 article, through the language, that 
Figure 10 refers only to hydrogen and not to hydrazine. The 
authors would not have been so careful with the language in 
the 1981 article if they had not meant for Figure 10 to come 
under the "hydrogen-only" heading in the 1980 article. We 
disagree with the district court in this case that the 
publishers rather than the authors chose where to place 
Figure 10. Rather, we agree with the Arkansas district court 
that the authors intended the placement of Figure 10 under 
the hydrogen-only heading, and that Figure 10 therefore 
only refers to applications of the palladium/hydrogen 



catalysis. The district court, we hold, clearly erred in finding 
that Martinola anticipates deoxygenation by hydrazine in 
combination with a mixed bed. Consequently, we reverse 
the district court's finding that the Martinola reference was 
proven by clear and convincing evidence to have anticipated 
certain of the asserted claims of the '41 1 patent. 

B. The Martinola Presentation 

[3] The district court also found the same claims--4, 7-12, 
and 20~of the '411 patent to be anticipated by a public 
presentation made by Dr. Martinola at the International 
Water Conference in Pittsburgh in October 1980, 
Specifically, the district court found that "Martinola stated 
at his deposition that during his presentation at the 1980 
conference he used Figure 10 of his diagram [sic] as a slide 
and discussed 'the use of a mixed bed ion exchange resin 
after hydrazine and activated carbon' for the same purposes 
and uses described in Ecolochem's patents." Ecolochem, at 
*40 (quoting Martinola Dep. at 18:16-19:6). Finding this to 
be undisputed, the district court found that this testimony 
established that the Martinola presentation, like his articles, 
anticipated the above claims of Ecolochem's '4 1 1 patent. See 
id 

[4J Ecolochem argues that "Dr. Martinola's oral presentation 
must stand or fall with the article as allegedly anticipatory 
prior art, since Dr. Martinola could not remember in 1992 
what he had said twelve years earlier." Appellant's Br. at 35. 
We do not agree that the presentation, in and of itself, 
cannot anticipate claims of the '411 patent. Section 102 
provides that "a person shall be entitled to a patent unless ... 
the invention was known or used by others in this country." 
35 U.S.C. § 102(a) (1994). A presentation indicative of the 
state of knowledge and use in this country therefore 
qualifies as prior art for anticipation purposes under § 102. 
Furthermore, whether Dr. Martinola correctly remembered 
his presentation twelve years later is an issue of credibility, 
on which we review the district court's finding with 
deference. The district court found, based on *1370 Dr. 
Martinola's testimony, that Figure 10 was indeed presented 
in 1980 by Dr. Martinola with an explanation that it was 
addressing the use of hydrazine. See Ecolochem, at *40. 

The key element of the presentation, found by the district 
court to anticipate the claims of the '41 1 patent, is Figure 10. 
We first note that both independent claims 1 and 15 differ 
from independent claim 20 in contemplating that the final 
ion exchange step will remove not only dissolved carbon 
contaminants, but also any excess hydrazine that has not 
reacted with the dissolved oxygen in the water. Claims 4 
and 7-12 (which all depend on claim 1) also require the 
additional step of removing the excess hydrazine. According 
to his deposition testimony. Dr. Martinola discussed the 
removal of the dissolved carbon contaminants at the 1980 
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presentation, but not the removal of excess, i.e., unreacted, 
hydrazine. [FN8] This omission renders clearly erroneous 
the district court's finding that claims 1, 4, and 7-12 were 
anticipated by Dr. Martinola's presentation, and 
consequently we reverse that finding. 

FN8. Dr. Martinola testified that, during his 
presentation, he described his paper as showing: 
[T]hat you can apply activated carbon as a catalyst 
and it will remove oxygen with hydrazine; but it 
has to be taken into account that the carbon 
releases salts in the demineralized water, and, 
afterwards, in Figure 10, there is shown a system 
with a catalyst column and a mixed bed. 
Martinola Dep. at 18:6-12. 

Therefore, the only claim that could be anticipated is claim 
20, which claims a deoxygenation process comprising the 
steps of passing liquid containing oxygen and hydrazine 
through activated carbon, and then passing the liquid 
through ion exchange resins, including both strong acid 
cation and strong base anion exchange resins, to remove at 
least the dissolved contaminants. This is the exact process 
described by Dr. Martinola's presentation of Figure 1 0. We 
therefore affirm the district court's finding of anticipation of 
claim 20 of the '4 1 1 patent as not clearly erroneous. 

II. Obviousness 

[5J The district court also held that the inventions of claims 
I, 3-13, 15, 17, 18, and 20 of the '411 patent would have 
been obvious in light of the "combination of the Houghton 
process for deoxygenation with a mixed bed ion exchange 
resin to remove excess hydrazine and/or dissolved and/or 
undissolved carbon contaminants." Id at *37. We review 
the district court's conclusion of obviousness de novo. We 
affirm the district court's conclusion of obviousness with 
regard to claim 20, and reverse the holding that obviousness 
was proven by clear and convincing evidence with regard to 
all other claims at issue. 

A. The Houghton Process as a "Blueprint" 

[6] The district court essentially found that the most 
innovative aspect of Ecolochem's process was its 
"[u]nearthing [of] long-neglected art," holding that 
"Ecolochem's good fortune in obtaining the Houghton 
reference just as the EPRI guidelines created increased 
attention in the PWR industry to the problem of ambient 
temperature deoxygenation does not entitle Ecolochem to 
patent protection." Id at *33. 

Houghton was the co-author of a paper on deoxygenation by 
carbon catalysis of the reaction between hydrazine and 
dissolved oxygen, entitled "The Use of Active Carbon With 
Hydrazine in the Treatment of Boiler Feed Water" ("the 



Houghton article"). The Houghton article was presented at 
the 1957 International Water Conference at Bournemouth, 
England and brought to the attention of Ecolochem at the 
1982 Intemational Water Conference. [FN9] *1371 The 
Houghton article peaked the interest of Ecolochem, and its 
scientists began performing experiments to determine if the 
results predicted in Houghton's paper could be replicated in 
a laboratory setting. Ecolochem's scientists were skeptical, 
because they "had understood that hydrazine reacted very 
slowly with dissolved oxygen and one of [their] objectives 
in [the] preliminary experimentation was to run the process 
to determine if the Houghton process sufficiently catalyzed 
the reaction." Miller Decl. f 22. The tests supported the 
Houghton article, but also revealed the presence of ionic 
substances in the deoxygenated water coming out of the 
carbon bed. Houghton did not discuss the ionic 
contamination. Ecolochem performed subsequent tests to 
assess its attempts to reduce the presence of the ionic 
substances, and after considerable experimentation, 
eventually succeeded with the patented process after more 
research and considerable experimentation. The district 
court found that "for years it had been known in the art of 
water treatment that activated carbon releases ionic 
substances into water," but that Ecolochem's scientists, who 
the district court found had been employed in the water 
treatment industry for over a decade by the time die patent 
issued, were unaware of this contamination at the time they 
conducted their experiments. Ecolochem. at *1 1. 

FN9. William Miller, one of the inventors of the 
deoxygenation process described in the '411 patent, 
testified that he attended the Intemational Water 
Conference in 1982 "with the intention of finding 
alternative deoxygenation processes, if there were 
any." Miller Decl. f 19 (Oct. 28, 1997), J.A. at 931. 
By alternative, Mr. Miller was referring to 
processes other than deoxygenation through the use 
of a vacuum degasifier. While at the conference, 
Mr. Miller spoke to an Ecolochem area sales 
manager, John Pugsley. 

Mr. Pugsley worked for the Florida Power and 
Light Company before he came to work for 
Ecolochem and he recalled that someone at Florida 
Power and Light was doing some work on 
deoxygenation involving carbon. As a result of that 
conversation, Mr. Pugsley arranged for someone at 
Florida Power and Light to send me [the Houghton 
article]. 
Id 

The district court recognized that the Houghton reference 

did not anticipate the patent, but felt that: 
Taken together, the prior art references relevant to 
Ecolochem's invention disclose all of the elements of the 
claimed invention, and their combined teachings would 
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have suggested to one of ordinary skill in the art that the 
Houghton process could be followed by the use of mixed 
bed ion exchange resins to provide ambient temperature 
deoxygenation and remove excess hydrazine as well as 
dissolved and undissolved carbon contaminants. 
Id. at *34. 

"A patent may not be obtained ... if the differences between 
the [claimed invention] and the prior art are such that the 
subject matter as a whole would have been obvious at the 
time the invention was made to a person having ordinary 
skill in the art." 35 U.S.C. § 103(a) (Supp. Ill 1997). Our 
analysis of the patentability of Ecolochem's invention 
begins with the phrase "at the time the invention was made." 
Here, the date of the invention is presumed to be the filing 
date of the parent application, December 16, 1983. 

[7] In In re Dembiczak, we noted that: 
Measuring a claimed invention against the standard 
established by section 103 requires the oft-difficult but 
critical step of casting the mind back to the time of 
invention, to consider the thinking of one of ordinary skill 
in the art, guided only by the prior art references and the 
then-accepted wisdom in the field. 
In re Demhiczak, 175 F.3d 994, 999, 50 USPQ2d 1614, 
1617 (Fed.Cir.1999). We "cannot use hindsight 
reconstruction to pick and choose among isolated 
disclosures in the prior art to deprecate the claimed 
invention." In re Fine, 837 F.2d I07L 1075, 5 USPQ2d 
1596 (Fed.Cir.1988). 

Our case law makes clear that the best defense against 
hindsight-based obviousness analysis is the rigorous 
application of the requirement for a showing of a teaching 
or motivation to combine the prior art references. See 
Demhiczak 175 R3d at 999, 50 USPQ2d at 1617. 
"Combining prior art references without evidence of such a 
suggestion, teaching, or motivation simply takes the 
inventor's disclosure as a blueprint for piecing together the 
prior art *1372 to defeat paten tability--the essence of 
hindsight." Id. 

[8][9] "When a rejection depends on a combination of prior 
art references, there must be some teaching, suggestion, or 
motivation to combine the references." In re Rouffet, 149 
F.3d 1350, 1355, 47 USFQ2d 1453, 1456 (Fed.Cir.1998) 
(citing In re Geiger, 815 F.2d 686, 688, 2 USPQ2d 1276, 
1278 (Fed.Cir.1987)). The same principle applies to 
invalidation. "Obviousness cannot be established by 
combining the teachings of the prior art to produce the 
claimed invention, absent some teaching or suggestion 
supporting the combination." ACS Hosp. S\s., Inc\ v. 
Montefiore Hosp., 732 F.2d 1572, 1577, 22rUSPQ 929, 
933 (Fed,Cir.l984). Although the suggestion to combine 
references may flow from the nature of the problem, see 



Pro-Mold Sl Tool Co. v. Great Lakes Plastics, Inc., 75 F.3d 
1568, 1573, 37 USPQ2d 1626, 1630 (Fed.Cir.1996), 
"[djefming the problem in terms of its solution reveals 
improper hindsight in the selection of the prior art relevant 
to obviousness," Monarch Knitting Mach. Corp. v. Sulzer 
Morat Gmbh, 139 F.3d 877, 880, 45 USPQ2d 1977, 1981 
(Fed.Cir.1998). Therefore, "[w]hen determining the 
patentability of a claimed invention which combines two 
known elements, 'the question is whether there is something 
in the prior art as a whole to suggest the desirability, and 
thus the obviousness, of making the combination/ " In re 
Beattie, 91 A F.2d 1309, 1311-12, 24 USPQ2d 1040, 1042 
(Fed.Cir.i992) (quoting Lindemann, 730 F.2d at 1462, 221 
USPQ at 488). 

[10] In this case, the district court used the '411 patent as a 
blueprint, with the Houghton process as the main structural 
diagram, and looked to other prior art for the elements 
present in the patent but missing from the Houghton 
process. The district court opinion does not discuss any 
specific evidence of motivation to combine, but only makes 
conclusory statements. "Broad conclusory statements 
regarding the teaching of multiple references, standing 
alone, are not 'evidence.' " Demhiczak, 175 F.3d at 999, 50 
USPQ2d at 1617. The district court provides no support for 
its broad conclusory statement that it was known in the art 
that a carbon bed, as used in the Houghton process, would 
produce water with high levels of conductivity caused by 
the presence of ionic contaminants. Nor does the district 
court then provide support for its implicit finding that given 
water so contaminated, it would be obvious to one of 
ordinary skill in the art to place a mixed bed ion exchange 
resin downstream of the carbon bed. In fact, nowhere does 
the district court particularly identify any suggestion, 
teaching, or motivation to combine the Houghton process 
with a mixed bed ion exchange resin to achieve the patented 
process. 

The district court avoids the issue, and makes implicit 
findings, but can point to nothing that suggests the 
combination of deoxygenation and demineralization 
processes that comprise Ecolochem's invention. For 
instance, the disUrict court finds that Ecolochem "did not try 
any other way to remove the ionic contaminants leached by 
the carbon bed other than adding the mixed bed," 
Ecolochem, at *12, and that "[t]here is no evidence that any 
system for production of ultra-pure water ever included a 
carbon bed as the final step in water treatment." Id. at *22. 
In addition, the district court makes the unsupported finding 
that "[m]any in the art knew as of 1982 that carbon beds 
leached contaminants which could be removed by ion 
exchange." Id. at * 21. In support of this statement, the 
district court relies upon the Martinola reference, and U.S. 
Patent No. 4,430,226 ("the *226 patent") for a disclosure that 
"activated carbon leaches dissolved contaminants." For the 
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disclosure of the "removal of dissolved carbon contaminants 
by ion exchange", the district court relied upon the 726 
patent and John W. Hassler's 1974 article "Purification with 
Activated Carbon," which do stale that with some types of 
carbon, "ion-exchange resins have been employed to 
remove inorganic compounds, alkalinity, or acidity not 
absorbable by activated carbon." J.A. at *1373 1893. 
However, while these references teach the leaching of 
dissolved contaminants by activated carbon and the use of 
ion-exchange resins to remove carbon contaminants, neither 
reference suggests combining, nor provides any motivation 
to so combine, the two elements of the Ecolochem process, 
i.e., deoxygenation of the water by the Houghton process 
and demineralization of the water by the mixed bed. 

The district court seems to find that the Martinola reference 
implicitly suggests the combination of the two elements, but 
discounts "[t]he fact that Martinola did not make 
Ecolochem's invention, and instead focused on the 
hydrogen-palladium method of deoxygenation [a]s not 
relevant." Id, at *39. The district court clearly erred in this 
regard. This fact is completely relevant to the obviousness 
analysis, since Martinola actually teaches away from 
combining at least one of the Martinola articles with the 
Houghton process to achieve Ecolochem's claimed process. 
While the Martinola reference describes a hydrogen and 
Lewatit-based deoxygenation process and mentions 
deoxygenation by carbon catalysis of a hydrazine/oxygen 
reaction, it does so only for comparative purposes. The 
Martinola reference actually unfavorably compares the 
hydrazine/carbon process, saying that it "releases salts into 
the demineralized water" and that the hydrogen-based 
process is energy saving and significantly less expensive. 
[FNIO] 

FNIO. The 1980 article states: 
A large number of chemical compounds can be 
used for reducing the elementary oxygen in 
water..,. Until now, however, they have merely 
been used for the residual degassing that follows 
on from thermal processes. The reasons for this are 
the high costs involved, the slowness to react at 
low temperatures and the additional introduction of 
salts into the water. For the elimination of oxygen 
in boiler feedwater and hot water, use has been 
made for a long time now of hydrazine in the form 
of hydrazine hydrate.... A particularly simple 
process, which takes place in particularly 
well-known stages and is also energy-saving, is the 
reaction between the . dissolved oxygen and 
hydrogen gas introduced into the water.... If we 
compare the final costs for [the different methods] 
we find that the method of oxygen reduction with 
hydrogen is much cheaper than the other methods. 
The required apparatus is also simple and needs 



virtually no maintenance. 
Martinola at 77-81 (1980). 

The Martinola reference is not the only reference that points 
to problems and concerns with the Houghton process. The 
Houghton article was challenged from the day it was 
presented, when an audience member asked whether the 
process could produce water with acceptable amounts of 
silica. Houghton responded that contamination was a 
concern with his process, and both this inquiry and the 
response were published with the paper in a section entitled 
"Discussion." Another paper published contemporaneously 
with the Houghton article states that: 
if an activated carbon-bed is used to accelerate the 
oxygen/hydrazine reaction, it is particularly important that 
no trace of carbon should enter the boiler ... [i]f it is 
considered essential that the hydrazine and oxygen should 
react before entering the boiler, then the use of ultra-violet 
light is a promising means of accelerating the reaction, 
without introducing any impurities into the system. 
S.R.M. Ellis, C. Moreland, The Reaction Between 
Hydrazine & Oxygen, in The Account of the Proceedings of 
the International Conference held at Bournemouth, 
I5th-I7th May 1957 8, 21 (1958). In 1960, T.F. Demmitt 
prepared a "Preliminary Report on the Use of Activated 
Carbon as a Catalyst for the Dissolved Oxygen-Aqueous 
Hydrazine Reaction." Demmitt stated that "[m]agnetite 
would be more desirable than activated carbon since there 
would be no tendency to 'deactivate' magnetite in filtered 
water," and thereby taught away from the idea of using a 
carbon bed as the catalyst. J.A. at 1696H. In 1962, a paper 
was presented at the International Water Conference, stating 
that research had shown two methods "to remove oxygen to 
sufficiently low levels with adequate capacities *1374 to be 
practical." Piero Sturla, Polishing Condensate and 
Dearating by Ion Exchange at 63 (1962). Neither of these 
methods was based on the Houghton process. These two 
methods were still being used in 1977, when Culligan (a 
water treatment company) recommended one of the two in 
an internal memo for use in portable containers, and the 
challenges continued through the time of the invention. 
Even Ecolochem's scientists themselves testified that, prior 
to their successful tests, they did not believe they would be 
able to replicate the results stated in the Houghton article. 

Furthermore, the district court found even the mixed bed, of 
which the use "to remove carbon contaminants was well 
known in the field," had detractors. Ecolochem, at *39. 
Edison's own engineers testified that they considered: 
a four-bed [a primary cation bed, a primary anion bed, a 
secondary cation bed and a secondary anion bed] system 
superior to ... a three-bed system [a cation bed, an anion 
bed and a mixed bed] ... because of the problems that 
Edison had encountered in regenerating the mixed bed, ... 
and based on ... personal experience that four-bed systems 
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generally outperformed mixed bed systems in producing 
pure water. 

Id. at *13. There is clear evidence of teaching away in the 
prior art from both the demineralization process and the 
deoxygenalion process used by Ecolochem, and no evidence 
that there was any suggestion in the prior art to combine 
these two processes, yet the district court finds the '411 
patent obvious in light of the prior art. 

The absence of a convincing discussion of the specific 
sources of the motivation to combine the prior art 
references, particularly in light of the strength of prior art 
teaching away from the use of the Houghton process, is a 
critical omission in the disUrict court's obviousness analysis, 
which mainly discusses the ways that the multiple prior art 
references can be combined to read on the claimed 
invention. For example, the district court finds that the 
invention of claim 20 would have been obvious, and that, 
although claims 1 and 15 differ from claim 20, "[ejach of 
the additional steps of claims 1 and 15 is disclosed in the 
prior art." Id. at *22. The opinion then lists each step and 
states where in the cited prior art references the step can be 
found. This reference-by-reference, limitation-by-limitation 
analysis wholly fails to demonstrate how the prior art 
teaches or suggests the combination claimed in the *41 1 
patent. 

With hindsight, we could perhaps agree that the Houghton 
article seems like an obvious place to start to address the 
need in the power plant industry for an improved 
carbon-catalyzed deoxygenalion process employing 
hydrazine that can be used commercially in a variety of 
applications. But, "obvious to try" is not the standard. As 
embodied in the '411 patent, the process would secure for 
the art all of the advantages that catalyzation of a reaction 
normally provides without prohibiting its use due to all of 
the incumbent disadvantages associated with the use of 
hydrazine. However, the incumbent disadvantages 
associated with the use of hydrazine to deoxygenate water 
as described in the Houghton article include the release of 
unwanted impurities into the water, including dissolved 
substances such as salts, organic chemicals and suspended 
solids. As a result, the industry widely regarded the 
Houghton process as too impractical to be used for large 
amounts of water, or for high purity deoxygenated water. 
Under the conditions in which PWRs operate, even minute 
amounts of these contaminants can adversely affect 
generator integrity. See id. at *5. Variations on this method 
had been tried, but discounted in favor of other 
deoxygenation processes. Dr. Martinola himself testified 
that at the time of his presentation he stated that the 
hydrazine method of deoxygenation led to contaminated 
deoxygenated water. See supra at I.B. Finally, the process 
not only worked, but worked better than expected, leading 
Edison to investigate "why Ecolochem's equipment can 



reduce [the organic concenu*ation in the water] to less than 
10 *1375 p[arts] p[er] b[illion] with a device not designed to 
[do so]." Ecolochem, at *15. Edison, in fact, gave four 
prospective bidders for the HFMUD construction job a tour 
of Ecolochem's equipment and shared "information about 
Ecolochem's process with others in violation of 
[Ecolochem's] secrecy agreement." Id, Only after this 
sharing of information and subsequent testing was a 
prospective bidder able to develop the process used in the 
HFMUD, and accused by Ecolochem of infringing the ' 41 1 
patent. The district court in fact found that the bidder's 
"proposed system ... effectively copied Ecolochem's 
deoxygenation process." Id. at * 15. This evidence 
undermines the district court's conclusion that Ecolochem's 
process would have been obvious to one of ordinary skill in 
the art. 

Because we do not discern any evidentiary basis for the 
finding by the district court that there was a suggestion, 
teaching, or motivation to combine the prior art references 
cited against the claimed invention, the district court's 
conclusion of obviousness cannot stand. The implicit 
generalized finding by the district court that, when one of 
ordinary skill in the art was faced widi the problem of 
deoxygenating water for use in a nuclear power plant and 
the Houghton article, the combination claimed by 
Ecolochem in the '41 1 patent would have been obvious is 
insufficient. We have previously held that "[l]he suggestion 
to combine may be found in explicit or implicit teachings 
within the references themselves, from the ordinary 
knowledge of those skilled in the art, or from the nature of 
the problem to be solved." WMS Gaming, Inc. v. 
International Game Tech., 184 F.3d 1339, 1355, 51 
USPQ2d 1385, 1397 (Fed.Cir.1999). However, there still 
must be evidence that "a skilled artisan, confronted with the 
same problems as the inventor and with no knowledge of 
the claimed invention, would select the elements from the 
cited prior art references for combination in the manner 
claimed." In re Rouffet. 149 F.3d at 1357, 47 USPQ2d at 
1456; see also In re Werner Kofzab, 217 F.3d 1365, 1371, 
55 USPQ2d 1313, 1317 (Fed.Cir.2000) ("[A] rejection 
cannot be predicated on the mere identification ... of 
individual components of claimed limitations. Rather, 
particular findings must be made as to the reason the skilled 
artisan, with no knowledge of the claimed invention, would 
have selected these components for combination in the 
manner claimed."). Here, there was no such evidence 
presented. The only evidence on this issue presumes the 
very problem at hand—two experts testified that "i/ someone 
of ordinary skill in the art had been given the Houghton 
reference in 1982 and [//] they were asked to make it usable 
in a high-pressure power plant, they would have come up 
with Ecolochem's invention." Ecolochem, at *31 (emphasis 
added). The evidence available, however, indicates that if 
one of ordinary skill in the art had been given the Houghton 
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reference, they would not have been inclined to use it, due 
to the large amount of teaching away, and the reliance in the 
industry on vacuum degasifiers to deoxygenate water. This 
finding by the district court presumes the knowledge 
acquired from Ecolochem's patent. We hold that the district 
court's finding that a skilled artisan would combine these 
references was clearly erroneous, and we hold that on this 
record the district court clearly erred in finding clear and 
convincing evidence of a suggestion to combine the prior art 
references, a suggestion to use the Houghton article as the 
backbone of the invention. Therefore, we reverse the district 
court's conclusion of obviousness with regard to claims 1, 
3-13, 15, 17, and 18 of the '411 patent. As to claim 20, 
however, our prior decision mandates that we now 
undertake further analysis respecting its invalidation by the 
district court. 

B. Prima Facie Case of Obviousness of Claim 20 

[11] We previously held in our June 1996 non-precedential 
decision that: 

the district court clearly mischaracterized the import of 
Demmitt as a prior *1376 art reference for the 
determination of obviousness of claim 20. Demmitt ... did 
not disclose the removal of carbon contaminants with an 
ion exchange resin. Despite the district court's 
mischaracterization of the importance of Demmitt, 
Ecolochem concedes that there is a 'prima facie case of 
obviousness before Demmitt and there remains one after.' 
However, Ecolochem argues that the secondary 
considerations, in this case, could rebut the prima facie 
case and that the district court wrongly failed to consider 
its evidence of secondary considerations and conclude 
that the evidence raised a genuine issue of fact requiring 
trial. We agree.... For the foregoing reasons ... the trial 
court's holding of obviousness of claim 20 of the '41 1 
patent is reversed, and the case is remanded for trial on 
validity and infringement as to claim 20. 
Ecolochem, at *4-5. Given our earlier reliance on 
Ecolochem's concession of the prima facie obviousness of 
claim 20, which is binding as law of the case, we must treat 
claim 20 separately from the other claims held obvious in 
the decision appealed herein. We may only conclude that 
Ecolochem rebutted the prima facie case of obviousness 
with regard to claim 20 if the evidence of secondary 
considerations supports such a holding. See id; In re 
Piasecki, 745 F.2d 1468, 1471, 223 USPQ 785, 787 
(Fed.Cir.1984). We therefore review the district court's 
findings on the evidence of secondary considerations, and, 
for purposes of completeness, address whether and how this 
evidence affects the adjudicated invalidity of all other 
asserted claims. 

C. Evidence of Secondary Considerations With Regard to 
AH Claims 



[12] The idea that a patented invention might appear to be 
obvious given the excellent vision accorded by hindsight, 
but might not have been obvious at the time the invention 
was made, was discussed by die Supreme Court in Graham 
V. John Deere Co,, 383 U.S. 1, 17-18, 86 S.Ct. 684, 15 
L.Ed.2d 545 (1966). In the intervening years since Graham 
a great deal of attention has been paid to the importance of 
secondary considerations. We discuss below many of the 
secondary considerations used by the courts in an effort to 
compensate for hindsight. The Supreme Court held that 
"[s]uch secondary considerations as commercial success, 
long felt but unsolved needs, failure of others, etc., might be 
utilized to give light to the circumstances surrounding the 
origin of the subject matter sought to be patented. As indicia 
of obviousness or nonobviousness, these inquiries may have 
relevancy." 383 U.S. at 17-18, 86 S.Ct. 684 (internal 
citations omitted). While we review the district court's 
factual findings on the secondary considerations for clear 
error, we review the ultimate determination of obviousness 
de novo. See B,F, Goodrich Co. v. Aircraft Braking Sys, 
Corp,, 12 F.3d 1577. 1582, 37 USPQ2d 1314, 1317-18 
(Fed.Cir. 1996). We find clear error in the district court's 
findings on several of the secondary considerations as 
discussed below, but upon reviewing the obviousness 
conclusion de novo, hold that even if corrected, the findings 
respecting secondary considerations support the district 
court's holding of obviousness of claim 20 in the instant 
case. This conclusion has no effect on the obviousness of 
the inventions of claims 1, 3- 13, 15,17, and 18, which we 
have already held would not have been obvious given the 
absence of any motivation to combine the teachings of the 
cited prior art references. Ecolochem has, however, failed to 
rebut the conceded prima facie case of obviousness with 
regard to claim 20. We therefore affirm the district court's 
conclusion that the invention of claim 20 would have been 
obvious. 

1 . Long-Felt But Unsolved Need 

The district court found that "[t]he findings of fact do not 
support Ecolochem's contention that there was a long-felt 
but unsolved need to create an ambient temperature 
deoxygenation process for use in start up and restart of 
nuclear power facilities." *1377 Ecolochem, at *35. It went 
on to hold that even if there had been such a need, the 
"required nexus between the claimed invention and the 
long-felt need is attenuated by the increased market demand 
resulting from adoption of the EPRI guidelines in 1982." Id. 

Ecolochem argues that the 1982 EPRI guidelines merely 
refiected the acknowledged need for deoxygenated water 
that arose in the late 1970s and that the regulations only 
recommended, rather than required, deoxygenated water. 
Ecolochem further argues that there were reasons other than 
the issuance of these regulations for it to develop its 
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processes. Furthermore, it argues that its mobile chemical 
process was the only way to meet this long-felt but unsolved 
need for deoxygenaied water during the time required to 
build and install the permanent deoxygenators. Ecolochem 
argues that the guidelines (like emissions requirements for 
automobiles) were issued only after a long- felt need was 
realized, and that the regulations may have been 
unattainable at the time they were issued. Even Edison in its 
brief pointed out that Ecolochem had the only practical 
solution to the need of SONGS for deoxygenated and 
demineralized water before the completion of the HFMUD. 

Our review of the district court's finding of no long-felt but 
unsolved need is for clear error, a deferential standard of 
appellate review. We cannot say the district court's finding 
that Ecolochem produced demineralized water in response 
to the guidelines issued by EPRI to be clearly erroneous. 
The record shows that the guidelines urging the use of 
deoxygenated water were issued in 1982, and Ecolochem 
filed for a patent on its deoxygenization process on 
December 16, 1983. This evidence supports the district 
court's finding that Ecolochem's process was developed not 
in response to a long-felt need in the power industry, but in 
response to a shortly- fell requirement imposed by EPRI's 
guidelines. 

2. Commercial Success 

[13] We have previously held that a party cannot 
"demonstrate commercial success, for purposes of 
countering the challenge of obviousness, unless it can show 
that the commercial success of the product results from the 
claimed invention." J.T. Eaton & Co. v. Atlantic Paste & 
Glue Co., 106 F.3d 1563, 1571, 41 USPQ2d 1641, 1647 
(Fed.Cir.1997). We have further held that a presumption 
arises that the patented invention is commercially successful 
"[w]hen a patentee can demonstrate commercial success, 
usually shown by significant sales in a relevant market, and 
that the successful product is the invention disclosed and 
claimed in the patent." Id In the instant case, Ecolochem 
offered evidence that its invention was practiced at 28 plants 
and generated almost $13 million in revenue from 1983 to 
1990. Once Ecolochem made the requisite showing of nexus 
between commercial success and the patented invention, the 
burden shifted to Edison to prove that the commercial 
success was instead due to other factors extraneous to the 
patented invention. See id. 

At trial, Edison countered that the commercial success of 
Ecolochem's process was due solely to the fact that it was 
part of a mobile apparatus, and that since none of the claims 
at issue include such a mobility limitation, the commercial 
success factor favors a finding of obviousness in the instant 
case. The district court found that both Edison and 
Ecolochem had carried their respective burdens, finding that 



the volume of Ecolochem's sales satisfied the requirements 
to show conmiercial success, but also that Edison proved the 
commercial success was due to factors other than those 
claimed. The district court explained: 
Ecolochem's limited commercial success with its patented 
process was primarily attributable to (1) Ecolochem's 
ability to meet the need in the PWR industry for 
short-term emergency services through its Mobile Flow 
service; (2) Ecolochem's *1378 ability to provide 
deoxygenation services while PWR plants built 
permanent deaeration equipment to meet new EPRI 
standards; (3) Ecolochem's head start in marketing mobile 
deoxygenation treatment services through use of its 
patented Mobile Flow trailer; (4) the increased blowdown 
rates that resulted from the 1982 tightening of EPRI 
guidelines for salts in the steam generator. In short, 
Ecolochem's commercial success was due not to the 
nature of the claimed invention, but to other economic 
and commercial factors unrelated to the technical quality 
of the patented process. 
Ecolochem, at *36. 

The district court's finding, however, ignores Edison's own 
statements to the contrary. Edison indicated in its briefs that 
it chose Ecolochem because the "first vendors Edison hired 
provided poor quality water and constantly shuttled 
demineralization trucks on and off Edison's property to meet 
Edison's capacity requirements." Appellee's Br. at 3. 
Edison's brief also states that Ecolochem's process "enabled 
it, unlike Edison's previous vendors, to regenerate its U-ailers 
on-site and provide purer quality water at the large volumes 
Edison needed." Id. 

These statements make it clear that the commercial success 
of Ecolochem's product was, in fact, based on two factors: 
the improved filtration process, and the mobility of the 
commercial embodiment. Edison did not 'differentiate the 
improved filtration process from the patented process in any 
way, focusing only on the missing limitation of mobility in 
the claims at issue. The success was due to both the 
mobility, undispuledly not covered by the claims, and to the 
improved filtration process, undisputedly covered by the 
claims. Edison had the burden of disproving that the 
improved filtration process contributed to the success of the 
invention, and its own brief undermines its argument, by 
conceding the benefits of Ecolochem's filtration process. See 
Ryko Mfg. Co. v. Nu-Star, Inc., 950 F.2d 714, 716, 21 
USPQ2d 1053, 1055 (Fed. Cir. 1991) ("To overturn a patent, 
the challenger must clearly prove those facts which support 
patent invalidity."). Consequently, the district court clearly 
erred in finding that Edison met its burden of proving that 
the success of the invention was due to factors not claimed 
in the patented invention. 

3. Failure of Others to Make Invention 
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In evaluating this factor, the district court held that an 
unsolved problem is not evidence of non-obviousness unless 
skilled workers in the art have tried and failed to solve the 
problem. See Ecolochem, at *36. The district court then held 
that Ecolochem did not show that others had tried but failed 
to make Ecolochem's invention. See id. 

Ecolochem cited a 1986 internal business memorandum 
circulated at Arrowhead, a competitor of Ecolochem's. In 
this memorandum, under the heading ''OPPORTUNITY,'* 
Arrowhead wrote the following: "Ecolochem claims a 
proprietary process for deoxygenation and has exploited this 
market with little or no interference from Arrowhead. 
Markets exist primarily at the nuclear plants. Several 
approaches for deoxygenation exist...." J. A, at 3049. 

[14] Edison, in turn, responded with testimony from its 
employees that when Edison discussed its deoxygenation 
needs with contractors in 1982, only two contractors 
mentioned chemical deoxygenation: Arrowhead and 
Ecolochem. Edison employees further testified that vacuum 
degasifiers were the industry standard, were reliable and 
economical, and that every other contractor stated that it 
intended to deoxygenate with a vacuum degasifier. There 
was no testimony as to whether Arrowhead succeeded in 
making a working chemical deoxygenation device. The 
district court evaluated Edison's testimony, and the absence 
of any testimony contradicting it, and found that no 
competitor had attempted to employ a chemical 
deoxygenation process. The failure of others is therefore 
reduced to a credibility question, whether the district court 
believed the Edison employees. "This court gives great 
*1379 deference to the district court's decisions regarding 
credibility of witnesses." Carroll Touch, Inc. v. Electro 
Mechanical Sys.. Inc., 15 F.3d 1573, 1580, 27 USPQ2d 
1836, 1842 (Fed.Cir.1993) (citing Anderson v. City of 
Bessemer City, 470 U.S. 564, 575-76, 105 S.Ct. 1504, 84 
L.Ed.2d 518 (1985)). We cannot find it clearly erroneous on 
the part of the district court to have found no evidence of 
failure by others to make a chemical deoxygenation device 
or develop such a process. 

4. Simultaneous Invention 

[15] "The fact of near-simultaneous invention, though not 
determinative of statutory obviousness, is strong evidence of 
what constitutes the level of ordinary skill in the art." The 
Int'l Glass Co. v. United States, 187 Ct.CI. 376, 408 F.2d 
395, 405 (1969). "[T]he possibility of near simultaneous 
invention by two or more equally talented inventors 
working independently, ... may or may not be an indication 
of obviousness when considered in light of all the 
circumstances." Lindeniann, 730 F.2d at 1460. 221 USPQ at 
487. 

The district court found that "prior to the issuance of 



Ecolochem's patent, Todd Hook of NWT independently 
combined the Houghton process with a mixed bed ion 
exchange resin, thereby independently developing 
Ecolochem's invention." Ecolochem, at *36. Ecolochem 
argues that Mr. Hook testified at trial that the: 
idea embodied in his test apparatus, which combined the 
hydrazine/carbon process and ion exchange, was not his 
but Dr. Sawochka's. Dr. Sawochka, an acknowledged 
expert in the field, provided the system sketch and 
configured the test apparatus embodying the idea. 
Obviousness or nonobviousness to experts is irrelevant to 
obviousness under Section 103. Competing innovation by 
Dr. Sawochka may show bias but nothing more. 
Appellant's Br. at 56. Edison responds by stating that "as 
both Sawochka and Hook testified. Hook was left largely on 
his own in performing his project." Appellee's Br. at 53. 

The issue of simultaneous invention is directly tied to the 
level of knowledge attributable to one of ordinary skill in 
the art. The district court weighed the testimony discussed 
above, and determined that there was evidence of 
simuhaneous invention, and the fact that the one who 
performed the experiment was supervised by one of 
extraordinary skill in the art did not enhance the former's 
level of knowledge. Essentially, the district court found that 
this secondary consideration factor favors obviousness. As 
this was based on the district court's determination that Dr. 
Sawochka's and Mr. Hook's testimony was credible, we 
must give that finding great deference. Consequently, we 
cannot discern clear error in the finding of simultaneous 
invention by the district court. 

5. Teaching Away 

[16] The district court found that "Ecolochem presented no 
evidence that the prior art expressed skepticism concerning 
the efficacy of using the Houghton process or of combining 
the Houghton process with ion exchange. Likewise, the 
Court's findings of fact establish that the prior art did not 
teach away from Ecolochem's invention." Ecolochem, at 
*37. Ecolochem argued that the Houghton process had been 
around for decades and was not well known or regarded, 
citing a number of articles stating concerns with the 
Houghton process. 

We previously found, in our unpublished June 1996 
decision, that Ecolochem had put forth evidence "that 
various references taught away from the invention as they 
warned against the Houghton process because of the carbon 
contaminants." Ecolochem, Inc. v. Southern Cal. Edison 
Co., 1996 WL 297601, at *5. We discussed above the fact 
that Martinola teaches away from the Houghton process, as 
that reference found the process inefficient and expensive. 
We also discussed above the history of prior art teaching 
away from Houghton. Based on the body of evidence 
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provided to the district court, we find *1380 clearly 
erroneous the district court's determination that the prior art 
did not teach away from using the Houghton process or 
from combining it with a mixed bed in any manner. 

6. Copying and Acclamation 

[17] Another indicia of non-obviousness of a product is the 
acclamations it receives when it is released, and the copying 
that occurs. The district court found "that [although] 
Ecolochem's process was warmly received in the water 
treatment industry and was copied by at least two 
competitors, that copying did not result from the novelty of 
Ecolochem's invention and is of little weight in assessing 
obviousness." Ecolochem, at *37. 

[18] Ecolochem argues persuasively that its device was 
copied because it was significantly less expensive than 
vacuum degasifiers, the only alternative in the field. 
Furthermore, testimony from Edison indicates that 
Ecolochem's process was better than its competitors*. The 
district court gives little credit to Ecolochem's arguments, 
finding only that the process was not novel. It is a factual 
determination as to what the exact reason for the copying 
was, but here we hold that it was clear error on the disuict 
court's part to discount the copying because the court 
believed that the process was not novel. Therefore, this 
factor cuts against a conclusion of obviousness. 

[19] We note, however, that a showing of copying is only 
equivocal evidence of non-obviousness in the absence of 
more compelling objective indicia of other secondary 
considerations. See In re GPAC. 57 F.3d 1573, 1580, 35 
USPQ2d 1116, 1122 (Fed.Cir.1995) f '[M]ore than the 
mere fact of copying by an accused infringer is needed to 
make that action significant to a determination of the 
obviousness issue.' ") (quoting Cable Elec. Prods, v. 
GenmarK Inc., 710 F.2d 1015, 1028, 226 USPQ 881, 889 
(Fed.Cir.1985)). The reason is that the alleged copying 
"could have occurred out of a general lack of concern for 
patent property." See Cable Elec, Prods., 770 F.2d at 1028, 
226 USPQ at 889. Consequently, even though the disuict 
court clearly erred in stating that the copying was not 
connected to the patented aspects of the invention, its error 
does not carry great weight in our evaluation of the 
obviousness of the invention of claim 20 in light of all the 
secondary considerations, combined with the other evidence 
and findings on the prior art. 

7. Weighing of the Factors 

We must now weigh all the secondary considerations to 
determine whether the district court's error in not finding 
commercial success and teaching away, when aggravated by 
its error in failing to find copying; renders erroneous its 
conclusion that the invention of the claims at issue here 



would have been obvious. The district court did not clearly 
err in finding that there was no long-felt but unsolved need, 
that there was no failure by others to make the invention, 
and that there was a successful simultaneous invention by 
others. As explained above, the district court clearly erred in 
finding that the conmiercial success of Ecolochem's product 
was based only upon its mobility; that the prior art did not 
teach away from the Houghton process; and that there was 
no evidence of copying. However, only two of these factors 
are actually stated in Graham; the other falls under Graham 
's "etc." clause. The factors specifically mentioned in 
Graham, and those that we give the most weight to in the 
instant case, are the commercial success of the invention, 
long-felt but unsolved needs, and failure of others to invent. 

In our de novo obviousness review, we hold that the absence 
of any evidence that others were trying to emulate the 
patented process, and the fact that within two years of the 
publication of the EPRI guidelines Ecolochem had applied 
for a patent on the process, is more indicative of 
obviousness than the evidence of modest commercial 
success, and the teaching away from the use of the 
unmodified Houghton process is indicative of 
non-obviousness. The question of obviousness in the instant 
case is a *1381 close one, but we hold that the secondary 
considerations, taken as a whole, do not overcome the other 
evidence of obviousness. 

Our earlier unpublished decision placed the burden on 
Ecolochem to rebut, based on all the secondary 
considerations, the prima facie case of obviousness with 
regard to claim 20. We cannot say that the disuici court 
erred in concluding that Ecolochem has not rebutted the 
prima facie case of obviousness with regard to claim 20. 

However, for the remaining claims at issue, claims I, 3-13, 
15, 17, and 18, the secondary consideration evidence is but 
one of several factors, all of which must be assessed in 
determining obviousness. See Graham, 383 U.S. at 17-18, 
86 S.Ct. 684. Given the absence of any proof of a 
motivation to combine, we hold that the remaining claims 
were not proven obvious by clear and convincing evidence 
in light of the prior art. 

CONCLUSION 

For the reasons stated above, we affirm the district court's 
holding that it was proven by clear and convincing evidence 
that the invention of claim 20 would have been obvious and 
was anticipated, but reverse the district court's holdings that 
claims 1, 3-13, 15, 17, and 18 were proven invalid either as 
anticipated and/or obvious. We remand this case for award 
of damages, consistent with the disu-ict court's finding of 
willful infringement which stands. The decision, therefore, 
is 
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AFFIRMED-IN-PARZ REVERSED-IN-PART, and 
REMANDED. 

COSTS 

Defendant shall pay costs. 

227 F.3d 1361, 56 U.S.P.Q.2d 1065 

END OF DOCUMENT 
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Federal Circuit. 

CROWN OPERATIONS INTERNATIONAL. LTD. and 
Marshall H, Krone, Plaintiffs- 
Appellants, 

V. 

SOLUTIA INC., Defendant-Appellee. 

No. 01-1144. 

DECIDED: May 13,2002. 
Rehearing Denied: June 10, 2002. 

Competitor of holder of patents for layered films used to 
create safety and solar control glass brought suit seeking 
declaratory judgment that patents were invalid. The United 
States District Court for the Western District of Wisconsin, 
John C. Shabaz, J., granted summary judgment denying 
relief. Competitor appealed. The Court of Appeals, Gajarsa, 
Circuit Judge, held that: (1) two percent limitation for 
visible reflectance contribution that was claimed in first 
patent was not inherent in, and thus was not anticipated by, 
existing patent; and (2) first patent was not invalid for 
obviousness; but (3) fact issue as to whether second patent 
satisfied enablement requirement precluded summary 
judgment. 

Affirmed in part, reversed in part, and remanded. 
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[12] Patents €>^99 
291k99 Most Cited Cases 

Satisfaction of possession test, standing alone, is not always 
sufficient to meet the written description requirement for 
patent protection. 35 U.S.C.A. § 1 12. 
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skilled in the art, reading the original disclosure, must 
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U.S.C.A. §112. 
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Whether a patent claim is enabled is a question of law, 
although based upon underlying factual findings. 35 
U.S.C.A. § 112. 
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Two percent limitation for visible reflectance contribution 
that was claimed in patent for solar control film used in 
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was not anticipated by, existing patent, which disclosed 
other limitations claimed in patent, but did not claim two 
percent limitation. 

[16] Patents €^5 

29 1 k65 Most Cited Cases 

Inherency of a disclosure in prior art, as will permit a 
subsequent patent to be rendered invalid due to anticipation, 
may not be established by probabilities or possibilities, and 
the mere fact that a certain thing may result from a given set 
of circumstances is not sufficient. 

[17] Federal Civil Procedure €^2544 

170Ak2544 Most Cited Cases 

Party moving for summary judgment has the burden to 
show that there is an absence of evidence to support the 
non-moving party's case, and the non-moving party must 
affirmatively demonstrate by specific factual allegations that 
a genuine issue of material fact exists for trial. Fed. Rules 
Civ.Proc.Rule 56(c), 28 U.S.C.A. 

[18] Patents €>=;^112.5 

291 kl 12.5 Most Cited Cases 

A patent enjoys a presumption of validity, which can be 
overcome only through clear and convincing evidence. 35 
U.S.C.A. § 282. 

[19] Patents €>^16.14 

291kl6.14 Most Cited Cases 

Patent for solar control film used in safety and solar control 
glass, which described a film which conuributed no more 
than about two percent visible reflectance, was not invalid 
for obviousness; no showing was made that prior art 
contained a teaching, suggestion, or motivation to reduce 
the reflectance contribution of the solar control film in 
question. 

[20] Patents €^9 

291k99 Most Cited Ca.ses 

Written description and enablement requirements for 
patents, while related and springing from the same factual 
predicates, each carry a separate purpose. 35 U.S.C.A. § 
112. 

[21] Patents €^99 

291k99 Most Cited Cases 
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Puq)ose of the enablement requirement for patents is to 
ensure that the public knowledge is enriched by the patent 
specification to a degree at least commensurate with the 
scope of the claims. 35 U.S.C.A. § 1 12. 

[22] Patents €^99 
291k99 Most Cited Cases 

A patent specification may contain a disclosure that is 
sufficient to enable one skilled in the art to make and use the 
invention, and yet fail to comply with the description of the 
invention requirement. 35 U.S.C.A. § 1 12. 

[23] Federal Civil Procedure €>^2508 

170Ak2508 Most Cited Cases 

Genuine issue of material fact as to whether a person of 
ordinary skill in the pertinent art could make or use 
invention claimed in patent for method of eliminating 
optical distortion in safety and solar control glass, as would 
allow patent to satisfy enablement requirement, precluded 
summary judgment in competitor's suit seeking declaratory 
judgment regarding validity of patent. 35 U.S.C.A. § 112; 
Fed.Rules Civ.Proc.Rule 56(c), 28 U.S.C.A. 

Patents €>=?328(2) 
291k328(2) Most Cited Cases 

4,017,661,5,091.258. Cited. 

Patents €^328(2) 

291k328(2) Most Cited Cases 

4,973,51 1. Valid. 

*1370 Joseph T. Leone, DeWitt Ross and Stevens, S.C., of 
Madison, Wl, argued for plaintiffs-appellants. With him on 
the brief was Joseph A. Ranney. 

Gregor>' E. Upchurch, Thompson Cobum LLP, of St. Louis, 
MO, argued for defendant-appellee. With him on the brief 
were Kenneth R. Heineman, and Dudley W. Von Holt. 

Before LOURIE, CLEVENGER, and GAJARSA, Circuit 
Judges. 

GAJARSA, Circuit Judge. 

Crown Operations International, Ltd., and Mr. Marshall H. 
Krone (collectively "Crown"), appeal the decision of the 
United States District Court for the Western District of 
Wisconsin denying Crown declaratory relief that Solutia's 
U.S. Patent No. 4,973,511 ("the '511 patent") is invalid for 
lack of novelty and non-obviousness, and that Solutia's U.S. 
Patent No. 5,091,258 ("the '258 patent") is invalid for lack 
of enablement and written description. Crown Operations 



Intl Ltd. V. Solutia, Inc., No. 99-C-802-S, slip op. at 8 
(W.D.Wis. Aug. 30, 2000) (memorandum decision and 
order granting summary judgment) ("August 30 Order *'); 
Crown Operations Int'l, Ltd. v. Solutia, Inc., No. 
99-C-802-S, slip op. at 24, 27 (W.D.Wis. Aug. 22, 2000) 
(same) ("August 22 Order '*). Because we find no error in 
the district court's opinion with respect to the '5 1 1 patent, 
we affirm that portion of the district court's decision. 
However, because the district court erred in its analysis of 
enablement for the '258 patent, and did not address the 
written description issue for the '258 patent, we vacate the 
district court's grant of summary judgment on that issue and 
remand for additional proceedings consistent with this 
opinion. 

L BACKGROUND 

The patents at issue in this appeal relate to layered films 
used to create safety and solar control glass. An example is 
an automobile windshield. Most windshields have two 
layers of glass with a multi-layer film between the glass 
layers. The multi-layer film adds properties to the glass 
assembly, such as impact resistance or providing a 
conductive layer that facilitates defrosting the windshield. 
An inner layer of the film has solar control properties to 
selectively reflect, absorb (and thus convert to heat) or 
transmit defined percentages of certain wavelengths of light. 
This inner layer is called the solar control film. It is made of 
a substrate coated by one or more layers of metal or metallic 
substances. '51 1 patent, col. 3, 1. 64 to col. 4, 1. 2. Typically, 
manufacturers laminate the solar control film between layers 
of plasticized polyvinyl butyral ("PVB") (sometimes called 
the "safety film") in a process known as encapsulation. 
Then, the encapsulated solar control film is sandwiched 
between two pieces of glass for a final assembly of 
multi-layer glass with safety and solar control properties. 

A. The '511 Patent 

The '51 I patent is directed to the problem that the 
metal-coated substrate, i.e., solar control film, tends to 
wrinkle during encapsulation causing visual distortions. The 
'5 1 1 patent claims to mask the wrinkles from detection by 
the human eye by *1371 limiting to two percent or less the 
visible light reflection contribution of the solar control film 
compared to reflection from a complete assembly of glass, 
PVB and solar control film. '51 1 patent, col. 4, 11. 46-49, col. 
8, I. 66 to col. 9, 1. 6, col. 14, 1. 67 to col. 15, 1. 2. Figure 1 
from the '511 patent, set forth below, shows the layers in a 
complete assembly. 
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FIG. 1 

FIG. 1 

The complete safely and solar control glass assembly 10 
includes two outer glass layers 28 & 30, PVB layers 22 & 
23, and the solar control film 20. The solar control film is 
comprised of a substrate layer 16 and solar control coating 
18. '511 patent, col. 3, 11. .41-53, col. 7, 11. 2-4, col. 10, 1. 15. 
Figure 3 from the '511 patent, set forth below, shows the 
sub-layers of the solar control coating 18. 




FtO. 3 

no. 3 

Layer 18 is made of multiple sub-layers. Layers 34 and 36 
are metal oxide, and layer 38 is metal. '51 \ patent, col. 5, II. 
12-14. In addition, the ' 511 patent notes that "[pjrior 
automotive windshields have visible light reflection 
contributions for their solar films of three percent or 
greater." Further, it relates that the primary method of 
achieving a low solar control film reflectance contribution is 
by providing a specially-designed solar coating. '511 patent, 
col. 4, II. 56-65. 

On December 16, 1999, Crown sued Solutia (the "Initial 
Complaint"), seeking, among various other relief, a 
declaration that the '5 1 1 patent was invalid for anticipation 
and obviousness. Upon the parties' cross-motions for 
summary judgment, the district court found the '511 patent 
not anticipated and not invalid for obviousness. August 22 
Order at 24, 27. We discuss herein only those portions of 
the August 22 Order relevant to the issues on appeal, which 
relate solely to the summary judgment finding that the '511 
patent was not *1372 invalid on the grounds of anticipation 



and obviousness. 

Claim 1, the only independent claim of the '511 patent, is set 
forth below, with the element numbers from Figure 1 
inserted into the claim. 

1. A composite solar/safety film [24] for use in a 

laminated window assembly [10] comprising: 

a flexible, transparent plastic substrate layer [16] having a 

carrier surface and an opposing back surface; 

a multilayer solar control coating [18] on said carrier 

surface, said coated substrate defining a solar control film 

[20]; and 

at least one flexible, transparent, energy absorbing plastic 
safety layer [23 and/or 22] bonded to a surface of said 
solar control film; 

wherein said solar control film contributes no more than 
about 2% visible reflectance, based on total visible 
incident radiation, in a laminated window assembly 
containing said composite solar/safety film laminated to 
at least one rigid transparent member [30 and/or 28]. 
'51 1 patent, coL 14, 1. 57 to col. 15,1.4 (emphasis added and 
emphasized numbers added to identify elements shown in 
Figure 1 above). 

Crown argued that U.S. Patent No. 4,017,661 to Gillery (the 
"Gillery patent") anticipates the '511 patent. The district 
court held otherwise, because, while the Gillery patent 
discloses the first three limitations of claim I of the '511 
patent, it does not disclose the two percent visible 
reflectance limitation. The court found that neither the 
Gillery patent claims nor its description expressly disclose a 
two percent limit on reflectance contribution from the solar 
control film layer. Crown argued that the two percent 
limitation was inherently present in the Gillery patent's 
teachings because the Gillery patent disclosed an assembly 
with PVB layers, substrate layer, and substrate 
metal-coating-arguably of the same composition and 
thickness of the films disclosed by the '511 patent. Thus, 
Crown argued, because the structure, thickness and 
materials of the assembly were the same or within the same 
range(s), the Gillery patent must inherently disclose a two 
percent limitation. The district court rejected this argument 
because it found that none of the embodiments disclosed by 
the Gillery patent meet the two percent visible light 
reflectance limit. [FNl] 

FN I. The district court, applying a similar analysis, 
also found that UK Patent Application GB 2 057 
355 (the "UK patent") did not anticipate the '511 
patent because it did not have the two percent 
limitation. 

In its August 22 Order, the district court also held that the 
'511 patent was not rendered invalid for obviousness by 
Gillery or the other prior art cited by Crown because no 
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prior art discloses; (i) that reflectance below two percent 
will mask wrinkles; (ii) a solar control film layer with 
reflectance below two percent; or (iii) any suggestion, 
motivation or teaching to reduce solar control film visible 
light reflectivity below two percent. Although the prior art 
generally sought to reduce visible light reflectivity, it also 
taught disadvantages of a very thin metal-coating on the 
substrate, including sacrificing infrared reflectivity. Thus, it 
taught that the proper compromise to achieve the conflicting 
goals of infrared (non-visible light) reflectance, visible light 
transmission and conductivity *1373 was a solar control 
film with a visible light reflectivity greater than two percent. 

B. The '258 Patent 

The '258 patent is directed at eliminating optical distortion, 
called "applesauce," in safety and solar control glass 
assemblies of the type discussed above for the '51 1 patent. 
The '258 patent discloses a method to control distortion 
otherwise caused by the safety and solar film layer by 
measuring and controlling the texture of the surface of the 
PVB layers. The method expresses texture using a "wave 
index" and a "roughness value." The wave index calculation 
is at issue in this appeal. Wave index indicates the relative 
waviness of the surface of the PVB. Determining wave 
index involves measuring the surface of the PVB and then 
aggregating the measurements into a single number, the 
wave index, through a calculation purportedly described in 
the '258 patent. 

The '258 patent directs one to use an instrument to 
physically measure the waviness of the surface of the PVB 
and capture the measurement into an electronic "trace line " 
representing the contours of the PVB surface. '258 patent, 
col. 7, II. 54-65. Since the "trace line" is stored 
electronically, a computer program is used to calculate wave 
index from the U-ace. Three figures from the '258 patent, 
given below, provide examples of PVB surface trace lines. 



5 



3 





FIG. 7 



F16. 8 



FIG. 9 



The rules for calculating the wave index implement a 
"smoothing" function. The smoothing process seeks to 
eliminate minor inflection points (peaks or valleys) to 
simplify the calculation of wave index. '258 patent, col. 7, 1. 
66 to col. 8, 1. 2. 

In the Initial Complaint, Crown sought a declaration diat the 
'258 patent was invalid for anticipation and obviousness. 
Then, on May 26, 2000, Crown amended the complaint (the 
"Amended Complaint") to additionally claim in Count VI 
that the '258 patent is invalid under 35 U.S.C. § 1 12, first 
paragraph, because it lacked enablement and written 
description due to ambiguities in the disclosed wave index 
calculation. In its August 22 Order, the district court found 
the 758 patent not anticipated and not invalid for 
obviousness. August 22 Order at 28-29. 

With respect to Count VI of Crown's amended complaint, 
Solutia moved for *1374 summary judgment on Crown's 
enablement and written description claim. Crown opposed 
Solutia's summary judgment motion, arguing that the '258 
patent did not meet the enablement and written description 
requirements. The district court found the '258 patent not 
invalid for lack of enablement, but did not discuss in its 
opinion the written description requirement. August 30 
Order at 8-13. We discuss herein only those portions of the 
August 30 Order relevant to the issues on appeal, which 
relate to summary judgment finding the '258 patent not 
invalid on the grounds of enablement and the procedural 
disposition of the written description issue. 

Claim 1 of the '258 patent is set forth below. In the language 
of this claim, "laminate" refers to the complete glass, PVB 
and solar control film assembly, and "functional 
performance layer" refers to the solar control coating. '258 
patent, col. 3, IL 45-65. 

I. A laminate which is substantially free of reflected 
distortion when used in a safety glazing comprising: 
a transparent, thermoplastic substrate layer, optionally 
surface treated or coated, bearing one or more functional 
performance layers; and 

at least one layer of plasticized polyvinyl butyral bonded 
on one side to a functional performance layer or the 
substrate layer and having a roughened deairing surface 
on its other side characterized by a roughness value, Rz, 
of at least 10 micrometers; 

said at least one plasticized polyvinyl butyral [PVB] 
layer, before bonding to the substrate layer or functional 
performance layer, possessing low surface waviness on 
each side characterized by a wave index value, WI, of 
less than J 5,000 square micrometers. 
'258 patent, col. 12, II. 2-16 (emphasis added). 

Crown argued that the rules disclosed by the '258 patent for 
calculating wave index are not sufficiently precise to enable 
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a person of ordinary skill in the art to practice the '258 
patent without undue experimentation. The wave index 
calculation as described by the *258 patent is set forth 
below. 

In this regard, considering the waviness profile as a series 
of peaks and valleys, the smoothing rules of the program 
consider an inflection point to be a true peak or valley if it 
is: i) at least 100 micrometers away from the immediately 
preceding prior peak or valley and ii) at least 0.5 
micrometer above or below the immediately preceding 
prior peak or valley, a valley being at least 0.5 micrometer 
below the immediately preceding prior peak. Pitch (P) is 
the distance between one valley and the next valley or in 
other words across the base of a peak. Average amplitude 
(H avg) and average pitch (P avg) are determined by the 
program for the smoothed trace of ten 12.5 mm tracing 
lengths (the second five lengths 'being 90 o to the first five 
lengths). From the average of the averaged H's and P's, a 
WI value is computed from the equation: Wave Index 
(WI) = (H avg) X (P avg) where H avg and P avg are in 
microns. 
'258 patent, col. 8,11.3-19. 

Crown asserted that according to the disclosed wave index 
"calculation," one of ordinary skill in the pertinent art would 
not know whether to instruct the smoothing program to 
disregard a peak by comparing it to an immediately 
preceding peak, or to a valley. The district court held that 
common sense and the clarifying clause "a valley being at 
least 0,5 micrometer *1375 below the immediately 
preceding prior peak" defeated Crown's argument. Thus, the 
district court held that the alleged grammatical ambiguities 
in the rules disclosed for calculating wave index did not 
invalidate the patent for lack of enablement. 

Crown timely appealed the district court's two orders, 
raising the issues of anticipation and obviousness of the '51 1 
patent, and lack of enablement and written description of the 
'258 patent. We have jurisdiction pursuant to 28 U.S.C. § 
1295(a)(1). 

II. STANDARD OF REVIEW 

[I J[2J[3J[4J[5J We review a district court's grant of 
summary judgment without deference, Atmel Corp. v. Info. 
Storage Devices, Inc., 198 F3d 1374, 1378, 53 USPQ2d 
1225, 1227 (Fed.Cir.1999), Summary judgment is 
appropriate when the moving party demonstrates that "there 
is no genuine issue as to any material fact and that the 
moving party is entitled to a judgment as a matter of law." 
Fed.R.Civ P. 56(c); Celotex Corp. v. CatretU 477 U.S. 317, 
322-23, 106 S.Ct. 2548, 91 L.Ed.2d 265 (1986). On 
summary judgment, the evidence must be viewed in the 
light most favorable to the party opposing the motion. 
Poller V. Columbia Broad. Sys.. Inc., 368 U.S. 464. 473, 82 



S.Ct. 486, 7 L.Ed.2d 458 (1962), with doubts resolved in 
favor of the nonmovant. Cantor v. Detroit Edison Co., 428 
U.S. 579, 582, 96 S.Ct. 3110, 49 L.Ed.2d 1141 (1976); 
Transmatic, Inc. v. Gulton Indus., Inc., 53 F.3d 1270, 1274, 
35 USPQ2d 1035, 1038 {Ped.Cir.l995). Once the moving 
party has satisfied its initial burden, the opposing party must 
establish a genuine issue of material fact and cannot rest on 
mere allegations, but must present actual evidence. 
Anderson v. Liberty Lobby, Inc., 477 U.S. 242, 248, 106 
S.Ct. 2505, 91 L.Ed.2d 202 (1986). Issues of fact are 
genuine only "if the evidence is such that a reasonable jury 
could return a verdict for the nonmoving party." Id, A 
disputed fact is material if it might affect the outcome of the 
suit such that a finding of that fact is necessary and relevant 
to the proceeding. Id,; General Mills, Inc. v. Hunt-Wesson, 
Inc, 103 R3d 978, 980, 41 USPQ2d 1440, 1442 
(Fed.Cir.1997). 

[6] [7] A patent is invalid for anticipation when the same 
device or method, having all of the elements contained in 
the claim limitations, is described in a single prior art 
reference. Richardson v. Suzuki Motor Co., 868 F.2d 1226, 
1236, 9 USPQ2d 1913, 1920 (Fed.Cir.I989); Perkin-Elmer 
Corp. V. Computervision Corp., 732 F.2d 888, 894, 221 
USPQ 669, 673 (Fed.Cir.1984). An anticipating reference 
must describe the patented subject matter with sufficient 
clarity and detail to establish that the subject matter existed 
in the prior art and that such existence would be recognized 
by persons of ordinary skill in the field of the invention. See 
In re Spada, 911 F.2d 705, 708, 15 USPQ2d 1655, 1657 
(Fed.Cir.1990); Diversitech Corp. v. Century Steps, Inc., 
850F.2d 675, 678, 7 USPQ2d 1315, 1317 (Fed.Cir.1988). 

[8] Obviousness is a legal conclusion based on underlying 
facts of four general types, all of which must be considered 
by the Uier of fact: (1) die scope and content of the prior art; 
(2) the level of ordinary skill in the art; (3) the differences 
between the claimed invention and the prior art; and (4) any 
objective indicia of nonobviousness. See Graham v. John 
Deere Co., 383 U.S. 1,17-18, 86 S.Ct. 684, 15 L.Ed.2d 545 
(1966); n376Continental Can Co. USA, Inc. v. Monsanto 
Co., 948 F.2d 1264, 1270. 20 USPQ2d 1746, 1750-51 
(Fcd.Cir.l99l); Panduit Corp. v. Dennison Mfg. Co., 810 
F.2d 1561, 1566-68, 1 USPQ2d 1593, 1594 (Fed.Cir.1987). 

[9] "Determination of obviousness cannot be based on the 
hindsight combination of components selectively culled 
from the prior art to fit the parameters of the patented 
invention." ATD Corp. v. Lydall, Inc., 159 F.3d 534, 546, 48 
USPQ2d 1321, 1329 (Fed.Cir.I998). There must be a 
teaching or suggestion within the prior art, within the nature 
of the problem to be solved, or within the general 
knowledge of a person of ordinary skill in the field of the 
invention, to look to particular sources, to select particular 
elements, and to combine them as combined by the 
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inventor. See Ruiz v. A.B. Chance Co., 234 F.3d 654, 665» 
57 USPQ2d 1161, 1167 (Fed.Cir.2000); ATD Corp,, 159 
F.3d at 546, 48 USPQ2d at 1329; Heidelberger 
Druckmaschinen AG v. Hantscho Commercial Prods., Inc., 
21 F.3d 1068, 1072, 30 USPQ2d 1377, 1379 (Fed.Cir.1994) 
("When the patented invention is made by combining 
known components to achieve a new system, the prior art 
must provide a suggestion or motivation to make such a 
combination."). 

[10][M][12][13] The written description inquiry is a factual 
one and must be assessed on a case-by-case basis. See 
Vas-Cath Inc. v. Mahurkar, 935 F.2d 1555, 1561, 19 
USPQ2d nil, 1116 (Fed.Cir.1991) (quoting In re Smith, 
59 C.C.P.A. 1025, 458 F.2d 1389, 1395, 173 USPQ 679, 
683 (CCPA 1972) ("Precisely how close the original 
description must come to comply with the description 
requirement of § 112 must be determined on a case-by-case 
basis.")). In order to satisfy the written description 
requirement, the disclosure as originally filed does not have 
to provide in haec verba support for the claimed subject 
matter at issue. See Fujikawa v. Wattanasin, 93 F.3d 1559, 
1570, 39 USPQ2d 1895, 1904 (Fed.Cir.1996). Nonetheless, 
the disclosure must convey with reasonable clarity to those 
skilled in the art that the inventor was in possession of the 
invention, Vas-Cath Inc., 935 F.2d at 1563-64, 19 USPQ2d 
at 1116-17, although we have also clarified that the 
possession test alone is not always sufficient to meet the 
written description requirement, Enzo Biochem, Inc. v. 
Gen-Prohe Inc., 285 F.3d 1013. 1020-21 (Fed.Cir.2002). As 
such, "the written description requirement is satisfied by the 
patentee's disclosure of 'such descriptive means as words, 
structures, figures, diagrams, formulas, etc., that fully set 
forth the claimed invention.* " Enzo Biochem, 285 F.3d at 
1021 (quoting Lockwood v. American Airlines, Inc., 107 
F.3d 1565, 1572.41 USPQ2d 1961, 1966 (Fed. Cir. 1997)). 
Put another way, one skilled in the art, reading the original 
disclosure, must reasonably discern the limitation at issue in 
the claims. Waldemar Link GmbH & Co. v. Osteonics 
Corp., 32 R3d 556, 558, 31 USPQ2d 1855, 1857 
(Fed.Cir.1994). 

[14] Whether a claim is enabled under 35 U.S.C. § 1 12, first 
paragraph is a question of law, although based upon 
underlying factual findings. See PPG Indus., Inc. v. 
Guardian Indus. Corp.. 75 F.3d 1558, 1564, 37 USPQ2d 
1618, 1623 (Fcd.Cir.1996); In re Goodman, 11 F.3d 1046, 
1049-50, 29 USPQ2d 2010, 2013 (Fed.Cir.1993). 

III. DISCUSSION 
A. The '511 Patent 

On appeal, Crown describes various purported errors in the 
district court's analysis *1377 of the validity of the '511 
patent. Despite Crown's contentions, we ascertain no error 



requiring reversal of the district court's determination of 
validity over Crown's claims of anticipation and 
obviousness. 

[15] [16] Regarding alleged anticipation by the Cillery 
patent, on its face the Cillery patent does not disclose or 
discuss a two percent limitation for the reflectance 
contribution of the solar control film. Crown maintains that 
the '511 patent merely claims a preexisting property inherent 
in the structure disclosed in the prior art. Crown urges us to 
accept the proposition that if a prior art reference discloses 
the same structure as claimed by a patent, the resulting 
property, in this case, two percent solar control film 
reflectance, should be assumed. We decline to adopt this 
approach because this proposition is not in accordance with 
our cases on inherency. If the two percent reflectance 
limitation is inherently disclosed by the Cillery patent, 
[FN21 it must be necessarily present and a person of 
ordinary skill in the art would recognize its presence. In re 
Robertson, 169 R3d 743, 745, 49 USPQ2d 1949, 1950-51 
(Fed.Cir.1999); Continental Can, 948 F.2d at 1268, 20 
USPQ2d at 1749. Inherency "may not be established by 
probabilities or possibilities. The mere fact that a certain 
thing may result from a given set of circumstances is not 
sufficient." Id at 1269, 20 USPQ2d at 1749 (quoting In re 
Oelrich, 666 F.2d 578. 581. 212 USPQ 323, 326 (CCPA 
1981)). 

FN2. In order to claim "equivalent structure" 
between the Cillery patent and the '511 patent. 
Crown's inherency argument rests on a 
precondition of its own making-that the Cillery 
patent discloses use of Ti02, even though it 
specifies TiOx, where x is greater than 1 .0 but less 
than 2.0. Although Crown vigorously argues this 
point, we do not reach this issue because even if 
Crown is correct that the structures are equivalent. 
Crown's inherency argument fails for the reasons 
set forth herein. 

[17][I8] In arguing inherent disclosure of the two percent 
limitation in the Cillery patent, Crown bears an evidentiary 
burden to establish that the limitation was necessarily 
present. [FN3j The moving party in a summary judgment 
motion has the burden to show "that there is an absence of 
evidence to support the non-moving party's case;" the 
non-moving party must affirmatively demonstrate by 
specific factual allegations that a genuine issue of material 
fact exists for trial. Celotex Corp. v. Catrett, All U.S. 317, 
322-23, 106 S.Ct. 2548, 91 L.Ed.2d 265 (1986). A patent 
enjoys a presumption of validity, see 35 U.S.C. § 282, 
which can be overcome only through clear and convincing 
evidence, see United States Surgical Corp. v. Ethicon, Inc., 
103 F.3d 1554, 1563, 41 USPQ2d 1225, 1232 
(Fed.Cir.1997). Given the presumption of validity afforded 
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the *51 1 patent, Crown has failed to meet its burden because 
it has not presented sufficient evidence to rebut the facial 
evidence offered by Solutia that the Cillery patent does not 
*1378 disclose the two percent limitation. See Eli Lilly & 
Co, V. Barr Lab. Inc., 251 R3d 955, 962, 58 USPQ2d 1869, 
1874 (Fed.Cir.2001) ("[A] moving party seeking to have a 
patent held not invalid at summary judgment must show that 
the non moving party, who bears the burden of proof at trial, 
failed to produce clear and convincing evidence on an 
essential element of a defense upon which a reasonable jury 
could invalidate the patent."); In re Robertson, 169 F.3d at 
745 (recognizing that extrinsic evidence may be required to 
establish inherency). Instead, Crown offers only an 
assumption and its own contentions. [FN4] 

FN3. Crown's reliance on Pall Corp, v. Micron 
Separations, Inc., 66 F3d 1211, 36 USPQ2d 1225 
(Fed. Cir. 1995), and OJ. Corp. v. Tekmar Co., 115 
F.3d 1576, 42 USPQ2d 1777 (Fed.Cir.1997), to 
characterize the two percent limitation as a 
"performance limitation" similar to the claim terms 
at issue in those cases is unpersuasive and 
overbroad. Respectively, Pall and Tekmar dealt 
with the claim terms "skinless" and "passage." 
Beyond the readily apparent difference between 
these potentially broad terms and the precise 
specification of a two percent limit in the '511 
patent, characterizing a claim limitation as a 
"performance characteristic" is not helpful as to 
whether the "necessarily present" requirement of 
inherency is met. 

FN4. As indicated by this Court's questions at oral 
argument concerning the seemingly direct route to 
prove that the Cillery patent contains the two 
percent limitation implementing an embodiment of 
the Cillery patent and testing it this Court finds 
puzzling Crown's reluctance regarding this 
approach to generate extrinsic proof that the 
Cillery patent inherently meets the two percent 
limitation. 

Crown also argues that the district court erred by comparing 
reflectance values in the Cillery patent to non-corresponding 
values in the '511 patent. August 22 Order at 23-24. While 
perhaps the district court .could have been more careful to 
explain the basis of its comparison, on a close reading of the 
district court's analysis we find that the alleged improper 
comparison only supported the district court's primary point 
that no embodiment of the Cillery patent disclosed the two 
percent limitation, a conclusion that Crown has not shown 
to be in error. 

[19] Finally, Crown argues that various prior art references 
invalidate the '5 1 1 patent as obvious in view of such prior 



art. Crown's arguments lack merit because it has not shown 
that the prior art contains a teaching, suggestion or 
motivation to reduce the reflectance contribution of the solar 
control film to "no more than about two percent," and the 
district court properly concluded that there was no such 
teaching, suggestion or motivation in the prior art cited by 
Crown. See Ruiz, 234 F.3d at 665, 57 USPQ2d at 1 167; In 
re Roujfet, 149 F.3d 1350, 1359, 47 USPQ2d 1453, 1459 
(Fed.Cir.1998). 

B.The '258 Patent 

On appeal. Crown argues that the district court erred in 
analyzing the impact of the ambiguities in the wave index 
calculation on the enablement requirement for the '258 
patent. In addition to its enablement attack. Crown also 
argues that the '258 patent does not meet the written 
description requirement of § 112, first paragraph. 

[20][21][22] The two requirements, while related and 
springing from the same factual predicates, [FN5] each 
carry a separate purpose. The purpose of the enablement 
requirement is to "ensure[ ] that the public *1379 
knowledge is enriched by the patent specification to a 
degree at least commensurate with the scope of the claims." 
Nat'l Recovery Techs., Inc. v. Magnetic Separation Sys., 166 
F.3d 1190, 1196, 49 USPQ2d 1671, 1675 (Fed.Cir.1999). 
One of our predecessor courts has held the enablement and 
written description requirements to be separate and distinct, 
and has held that a "specification may contain a disclosure 
that is sufficient to enable one skilled in the art to make and 
use the invention and yet fail to comply with the description 
of the invention requirement." In re Barker and Pehl, 559 
F.2d 588, 591, 194 USPQ 470, 472 (CCPA 1977). 
Subsequently, this court has held that the purpose of the 
written description is distinct from merely explaining how 
to make and use the invention. See Emo Biochem, 285 F.3d 
at 1020-22; Vas-Cath, 935 F.2d at 1563-64, 19 USPQ2d at 
1117. In light of the odd procedural setting of the written 
description issue in this appeal, our disposition of this 
appeal based on enablement, and given that the two 
requirements are distinct and each are necessary, we do not 
reach the written description issue except to note that it 
appears to remain available for adjudication or disposition 
by the district court on remand. [FT^6] 

FN5. Also springing from these same underlying 
factual predicates is the § 11 2, second paragraph, 
definiteness requirement. This requirement is 
distinct from the enablement and description 
requirements, which arise from § 112, first 
paragraph. 

[DJefiniteness and enablement are analytically 
distinct requirements, even though both concepts 
are contained in 35 U.S.C. § 112. The definiteness 
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requirement of 35 U.S.C. § 1 1 2, ^ 2 is a legal 
requirement, based on the court's role as construer 
of patent claims ... Definiteness requires the 
language of the claim to set forth clearly the 
domain over which the applicant seeks exclusive 
rights.... The test for whether a claim meets the 
definiteness requirement is "whether one skilled in 
the art would understand the bounds of the claim 
when read in light of the specification.** 
Process Control Corp,, 190 F-3d at 1358 n. 2, 52 
USPQ2d at 1034 n. 2 (internal citations omitted). 
See also 3 Donald S. Chisum, Chisum on Patents, § 
8.03 at 8-14 (2001) (noting the difference between 
the requirements of "definiteness, which claims 
must meet, from the requirements of enablement, 
which the disclosures of the specification must 
meet"). 

FN6. Based on the record before us, the written 
description issue has the following procedural 
posture: (i) Crown's Count VI of its amended 
complaint raised the written description issue; (ii) 
Solutia's summary judgment motion argued that the 
*258 patent met the written description 
requirement; (iii) in opposition Crown argued that 
the written description requirement was not met; 
(iv) the district court did not dispose of the written 
description issue or discuss the issue in its opinion 
in a way that enables our review; and (v) Crown 
preserved the written description issue in its appeal 
to this court and thus has not waived its further 
adjudication on remand. 

[23] Turning to the enablement issue, we agree with Crown 
that the ambiguities and lack of specified boundary 
conditions, and Crown's proffered evidence concerning the 
same, raise a genuine issue of material fact as to whether a 
person of ordinary skill in the pertinent art could make or 
use the invention of the '258 patent [FN7] without undue 
experimentation. Wiiite Consol. Indus. v. Vega 
Servo-Control, 713 F.2d 788, 791. 218 USPQ 961, 963-64 
(Fed.Cir.1983). The district court found otherwise. 
However, it appears not to have considered the statements 
of Crown's expert concerning the effect of unspecified 
boundary conditions on the calculation of wave index. 

FN7. All seventeen claims of the '258 patent refer 
to wave index, thus they all stand or fall together. 

Following the reasoning of the district court, Solutia argues 
that a person of ordinary skill in the pertinent art could 
overcome any ambiguities in the wave index calculation 
without undue experimentation by testing a limited number 
of possibilities for computing the wave index. In response, 
Crown offers statements of its expert that the *258 patent 



does not define amplitude and that a person of ordinary skill 
in the art would not know whether to measure amplitude: (i) 
from a centerline running horizontally through the "middle" 
of the trace; (ii) from "peak-to-peak," i.e., from the bottom 
of a valley to the top of a peak; or (iii) from some other 
baseline or reference running horizontally somewhere 
through the trace. On its face, the '258 patent does not 
define amplitude. However, average amplitude directly 
impacts the wave index calculation because wave index 
*1380 is the result of multiplying average amplitude by 
average pitch. Simply put, the wave index calculation would 
produce two separate numbers if calculated with a centerline 
versus a "peak-to-peak" amplitude. Worse yet, a range of 
various wave index values are possible for amplitude 
baselines running horizontally somewhere through the trace 
at various locations. To show that the wave index 
calculation is enabled, Solutia cites various details from the 
'258 patent concerning how to perform the test to generate a 
trace of the PVB surface to calculate wave index. However, 
Solutia does not present sufficient evidence to rebut Crown's 
demonstration of the amplitude ambiguity in the wave index 
calculation. This is so because: (i) the amplitude is a direct 
input to the critical claim limitation, a wave index of less 
than 15,000 square micrometers; and (ii) the novel aspects 
of the invention must be disclosed and not left to inference, 
that is, a patentee may not rely on the inference of a person 
of ordinary skill in the pertinent art to supply such novel 
aspects. See Genentech Inc. v. Novo Nordisk A/S, 108 F.3d 
1361, 1366, 42 USPQ2d 1001, 1005 (Fed .Cir. 1997) (stating 
that the knowledge of a hypothetical person of ordinary skill 
in the art cannot be used to supply the patentable aspects of 
the invention). 

Compounding the amplitude ambiguity. Crown also notes 
that the wave index is the result of two independently 
varying, unbounded terms: average pitch and average 
amplitude. On its face, this does not seem to be a problem. 
However, Crown's expert noted that because boundary 
conditions are not specified, the claim covers inoperative 
embodiments. For example, a wave index of 15,000 square 
micrometers results from an average height of 10(X) 
micrometers multiplied by an average pitch of 15 
micrometers. Yet, according to Crown's expert, an average 
height of 1000 micrometers would not be acceptable for the 
PVB. As with the amplitude ambiguity, the problem goes 
well beyond this single example because a full range of 
resulting inoperative embodiments are possible for values of 
average height and average pitch that, when multiplied, 
produce a wave index value that meets the limitation of the 
claim. Such inoperative embodiments do not necessarily 
invalidate the claim. See Atlas Powder Co. v. E.L du Pont 
De Nemours & Co., 150 F.2d 1569, 1576-77. 224 USPQ 
409, 414 (Fed.Cir.1984); In re Cook, 58 C.C.P.A. 1049, 439 
F.2d 730, 735, 169 USPQ 298, 302 (1971) (noting that 
although claims may read on some inoperative 
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embodiments, this does not necessarily invalidate the claim 
if the necessary information to limit the claims to operative 
embodiments is known to a person of ordinary skill in the 
art). [FN8] However, the inoperative embodiments support 
Crown's assertion that there is a genuine issue of material 
fact with respect to enablement. See Adas Powder, 750 F.2d 
at 1576-77; see also Process Control Corp, v. Hyd Reclaim 
Corp., 190 R3d 1350, 1358-59, 52 USPQ2d 1029, 1034-35 
(Fed.Cir.1999) (holding that the district court failed in its 
*1381 claim construction to consider the effect of 
inoperative embodiments on invalidity due to lack of 
enablement). [FN9J 

FN8. The court in In re Cook further notes that a 
claim may be invalid if it reads on significant 
numbers of inoperative embodiments. In re Cook, 
439 F.2d at 734, 169 USPQ at 301-02 (citing 
Graver Tank <k Mfg. Co. v. Linde Air Products 
Co., 336 U.S. 271, 276-77, 69 S.Ct. 535, 93 L.Ed. 
672, 80 USPQ 451. 453 (1949)). See also In re 
Moore, 439 F.2d 1232, 1236, 169 VSPQ 236, 239 
(CCPA 1971) (noting that die question is whether 
the scope of enablement conveyed by the 
disclosure to a person of ordinary skill in the art is 
commensurate with the scope of protection taught 
by the claims); Chisum, § 7.03[7][a] at 7-108 & n. 
6. 

FN9. The inoperative embodiment inquiry informs 
the enablement inquiry; they are not the same 
inquiry. Nat'l Recovery Techs,, 166 F.3d at 1196, 
49 USPQ2d at 1676. 

Further compounding the ambiguities with the wave index 
rules, the ' 258 patent's rules for determining which 
inflection points are "u-ue" inflection points additionally 
support Crown's argument that it has raised a genuine issue 
of material fact. Crown demonstrated in various ways 
through its experts and arguments the potential 
indeterminacy in the rules. Solutia's expert admitted that 
there was some ambiguity in the rules with respect to 
whether a preceding peak or valley was the reference point 
in selecting a "true" peak or valley. 

Solatia argues that even if the disclosed wave index 
calculation has ambiguities and is indeterminate, a person of 
ordinary skill in the pertinent art would be able to make and 
use the invention with some experimentation, but less than 
"undue" experimentation. Solutia argues that such a skilled 
person would only have to try two possibilities for 
amplitude, centerline and "peak- to-peak," and that 
experimenting to discover which of two possibilities to use 
is well within the boundary of undue experimentation. 
Crown counters that the amplitude ambiguity and potential 
inoperative embodiments, combined with the ambiguities in 



the smoothing rules, seems to suggest a wide range of 
possibilities which one must try. (FN 10] With this wide 
range of possibilities, we agree that Crown has raised a 
genuine issue of material fact as to the amount and type of 
experimentation required, facts that will determine whether 
such experimentation is undue. See Enzo Biochem Inc., v. 
Calgene Inc., 188 F.3d 1362, 1371, 52 USPQ2d 1129, 
1135-36 (Fed.Cir. l999) (holding that a reasonable amount 
of experimentation does not invalidate a patent, but undue 
experimentation does invalidate, and holding that the Wands 
factors, which determine whether a patent's disclosure is 
insufficient such that the experimentation required would be 
undue, apply to inter partes litigation). [FNll] While 
ultimately a trier of fact may reach the conclusion that any 
required experimentation is not undue, Crown has shown 
that sufficient potential for undue experimentation exists 
such that disposal on summary judgment is improper. 

FN 10. We note that the specification for the '258 
patent states that in the disclosed embodiment the 
wave index is calculated using a software program 
running on a personal computer being fed the trace 
hne. '258 patent, col. 7, II. 64-68. Undoubtedly, 
Solutia took care to ensure that the program 
contained the necessary boundary conditions and 
other information to calculate wave index to 
practice the invention. It appears, however, that 
Solutia took substantially less care in U-anscribing 
the information from the program into the 
specification's rules for calculating wave index. 
This incongruity will be relevant to the question of 
enablement upon remand. See Chisum, § 7.03[4][e] 
at 7-86 & n. 77 ("A specification that claims an 
invention requiring implementation through 
computer software but fails to set forth the details 
of computer programming may present issues of 
whether the experimentation required to write the 
programming is reasonable or unreasonable.") 
(summarizing the teachings of various cases). 

FNll . The Wands factors are: 
(1) the quantity of experimentation necessary, (2) 
the amount of direction or guidance presented, (3) 
the presence or absence of working examples, (4) 
the nature of the invention, (5) the state of the prior 
art, (6) the relative skill of those in the art, (7) the 
predictability or unpredictability of the art, and (8) 
the breadth of the claims. In re Wands, 858 F.2d 
731, 737, 8 USPQ2d 1400, 1404 (Fed.Cir.1988). 

*1382 CONCLUSION 

Because we hold that the '51 1 patent has not been shown to 
be invalid due to anticipation or obviousness and that a 
genuine issue of material fact exists with respect to facts 
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underlying the detemnination of enablement for the ' 258 
patent, we affirm-in-part and reverse- in-part the district 
court's decision and remand for additional proceedings 
consistent with this opinion. 

AFFIRMED-IN-PARZ REVERSED-IN-PARZ AND 
REMANDED. 

COSTS 
Each party bears its own costs. 

289 F.3d 1367, 62 U.S.P.Q.2d 1917 

END OF DOCUMENT 
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United States Court of Appeals, 
Federal Circuit. 

In re Philip R. THRIFT and Charles T. Hemphill. 

No. 01-1445. 

Aug. 9, 2002. 

The Board of Patent Appeals and Interferences affirmed 
examiner's rejection for obviousness of claims in application 
for patent on voice activated hypermedia systems using 
grammatical metadata. Applicants appealed. The Court of 
Appeals for the Federal Circuit. Dyk, Circuit Judge, held 
that: (1) claim phrase "speech user agent" would be 
interpreted, consistent with its plain meaning, as an interface 
that allows the user to interact with the system by speaking, 
without limitation to an agent that "dynamically creates the 
vocabulary, grammar and actions that are possible for the 
user to use in a given situation;" (2) examiner satisfied his 
burden of presenting a prima facie case of obviousness with 
respect to claim 1 , based on a combination of two prior art 
references; but (3) rejection as obvious of claim which 
added to claim I specific grammar-creation capability 
features, on ground "[t]he use of grammar is old and well 
known in the art of speech recognition as a means of 
optimization which is highly desirable," was inadequate. 

Affirmed in part and vacated and remanded in part. 

West Headnoies 

[1] Patents €^113(6) 

291k] 13(6) Most Cited Cases 

Conclusory argument that the examiner rejected dependent 
claims without providing any evidence of the additional 
features of these claims was not sufficient to raise separate 
issues on appeal with respect to the dependent claims, where 
applicants failed to identify the specific errors in the 
decision or even the features of these claims that would 
allow them to overcome an obviousness rejection, and thus, 
all of the dependent claims had to stand or fall with their 
respective independent claims. 

[2] Patents €>:^113(6) 

291kl 13(6) Most Cited Cises 

The ultimate determination of obviousness by the Board of 
Patent Appeals and Interferences is reviewed without 
deference, and the Board's underlying factual findings are 
reviewed for substantial evidence. 35 U.S.C.A. § 1 03(a). 

[3] Patents €^16.5(1) 

291 kl 6.5(1) Most Cited Cases 



To establish a prima facie case of obviousness, the Board of 
Patent Appeals and Interferences must, inter alia, show 
some objective teaching in the prior art or that knowledge 
generally available to one of ordinary skill in the art would 
lead that individual to combine the relevant teachings of the 
references, and the motivation, suggestion, or teaching may 
come explicitly from statements in die prior art, the 
knowledge of one of ordinary skill in the art, or, in some 
cases the nature of the problem to be solved. 35 U.S.C.A. § 
103. 

[4] Patents €^101(3) 

291 kl 01 (3) Most Cited Cases 

In determining whether the examiner satisfied his burden of 
presenting a prima facie case of obviousness with respect to 
claim I of patent application for voice activated hypermedia 
systems using grammatical metadata, applicants* limiting 
interpretation of the claim phrase "speech user agent" as an 
agent that "dynamically creates the vocabulary, grammar 
and actions that are possible for the user to use in a given 
situation" was inappropriate, particularly in light of the 
grammar-creation capability separately recited in 
subsequent claims, and, instead, the phrase "speech user 
agent" would be interpreted consistent with its plain 
meaning: an interface that allows the user to interact with 
the system by speaking. 35 U.S.C.A. § 103. 

[5] Patents €^157(1) 

291k 157(1) Most Cited Cases 

[5] Patents €x^l67(l) 

29 1 kl 67( 1 ) Most Cited Cases 

When examining claims for patentability, claims are 
interpreted as broadly as is reasonable and consistent with 
the specification, 

[6] Patents €^113(6) 

291 kl 13(6) Most Cited Cases 

Reliance by the Board of Patent Appeals and Interferences 
on "common knowledge and common sense" does not fulfill 
the agency's obligation to cite references to support its 
conclusions; instead, the Board must document its reasoning 
on the record to allow accountability and effective judicial 
review. 

[7] Patents €>^s?36(3) 
291k36(3) Most Cited Cases 

Examiner satisfied his burden of presenting a prima facie 
case of obviousness with respect to claim 1 of patent 
application for voice activated hypermedia systems using 
grammatical metadata, based on a combination of two prior 
art references, where the examiner clearly identified a 
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motivation to combine the references, stating that the skilled 
artisan would have "found it obvious to incorporate the 
speech input and speech recognition techniques taught by 
[one reference] into the expert system of [the other] in order 
to reduce the need for less user friendly manual keyboard 
and mouse click inputs," and the motivation to combine the 
references was present in the text of each reference. 35 
U.S.C-A. § 103. 

[8] Patents €^108 

291kl08 Most Cited Cases 

On an application for a patent on voice activated 
hypermedia systems using grammatical metadata, rejection 
as obvious of claim which added to properly- rejected claim 
1 specific grammar-creation capability features, on ground 
that "[t]he use of grammar is old and well known in the art 
of speech recognition as a means of optimization which is 
highly desirable," was inadequate on its face since the 
examiner's statement, while generally addressing the use of 
grammar, did not discuss the claim's unique limitations of 
extracting, modifying, or processing the grammar to interact 
with hypermedia sources. 35 U.S.C.A. § 103. 

[9] Patents €>=5^113(6) 

29 1 k 11 3(6) Most Cited Cases 

Rejection of patent application claim as obvious could not 
be sustained on appeal from the Board of Patent Appeals 
and Interferences on theory that the applicants did not 
properly raise the grounds for sustaining the claim before 
the Board, where the Board did not hold that those 
arguments were untimely and did reach the merits, but 
failed to provide an adequate basis for rejecting the claim. 

Patents €>:^328(2) 
291k328(2) Most Cited Cases 

5,333,237. Cited As Prior Art. 

*1359 Ronald O. Neerings, Texas Instruments Incorporated, 
of Dallas, Texas, argued for appellants. Of counsel on the 
brief was Jay M. Cantor, Baker & Botts L.L.P., of 
Washington, DC, Of counsel was Michael K. Skrehot, 
Texas Instruments Incorporated, of Dallas, TX. 

Joseph G. Piccolo, Associate Solicitor, United States Patent 
and Trademark Office, of Arlington, Virginia, argued for the 
Director of the United States Patent and Trademark Office. 
With him on the brief were John M. Whealan, Solicitor, and 
Cynthia C. Lynch, Associate Solicitor. 

Before BRYSON, GAJARSA, and DYK, Circuit Judges. 
DYK, Circuit Judge. 



Philip R. Thrift and Charles T. Hemphill appeal from the 
decision of the Board of Patent Appeals and Interferences 
("Board") affirming the examiner's rejection of claims 1-19 
for obviousness under 35 U.S.C. § 103. Ex parte Thrift, 
No.1998-1109 (Bd. Pat.App. & Int. Feb. 28, 2001) 
{"Decision on Appeal '*); Ex parte Thrift, No. 1998- 11 09 
(Bd. Pat.App. & Int. Apr. 24, 2001) {"Decision on Request 
for Rehearing "). We affirm the Board's decision with 
respect to claims 1-10, but vacate the Board's decision with 
respect to claims 11-19, and remand for further proceedings 
with respect to these claims. 

BACKGROUND 

On April 10, 1995, Thrift and Hemphill filed U.S. Patent 
Application No. 08/419,229 (the "'229 application") entitled 
"Voice Activated HyperMedia Systems Using Grammatical 
Metadata." On June 6, 1995, Thrift and Hemphill assigned 
their entire rights in the invention described in the '229 
application to Texas Instruments, Inc. *1360 ("TI"), making 
TI the real party in interest in this proceeding. 

[1] The parlies focus on the three independent claims as 
amended: claims 1,11, and 14. Appellants conceded before 
the Board that dependent claims 2-4 stand or fall with claim 
I. Appellants* Br. to Board at 3. Moreover, claims 5- 10 are 
ultimately dependent on claim 1; claims 12 and 13 are 
dependent on claim 11; and claims 15-19 are ultimately 
dependent on claim 14. Although appellants urge that the 
examiner rejected claims 5-10, 12, 13, and 15-19 without 
providing any evidence of the additional features of these 
claims, appellants fail to identify the specific errors in the 
Board's decision or even the features of these claims that 
would allow them to overcome an obviousness rejection. 
Such a conclusory argument by appellants is not sufficient 
to raise separate issues on appeal with respect to the 
dependent claims. Thus, all of the dependent claims must 
stand or fall with their respective independent claims 1,11, 
and 14. 

The independent claims provide as follows: 

I. A voice activated Hypermedia system using 
grammatical metadata, said system comprising: 

a. a speech user agent; 

b. a network browsing module; and 

c. an information resource located on a computer network 
wherein said speech user agent facilitates voice activation 
of said network browsing module to access said 
information resource. 

II. A voice activated Hypermedia system using 
grammatical metadata, said system comprising: 

a. a speech user agent; 

b. a network browsing module; 

c. an information resource located on a computer network 
wherein said speech user agent facilitates voice activation 
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of said network browsing module to access said 
information resource; 

d. a means for extracting a grammar from a hypermedia 
source on said information resource for future reference to 
said source; 

e. a means for modifying said grammar; 

f. a means for automatically producing an intelligent 
grammar from said information resource; and 

g. a means for processing said grammar to produce a 
reference to said hypermedia source, 

14. A voice activated Hypermedia system using 
grammatical metadata, said system comprising: 

a. a speech user agent; 

b. a browsing module; 

c. an information resource; and 

d. a means for producing a grammar from textual 
representation of links to said information resource. 

'229 application at 13-14; Jan. 14, 1997 Amendment at 1-3. 

The invention recited in claim 1 comprises a speech 
interface {i.e., the speech user agent) that allows users to 
access information located on a computer network using a 
network browsing module, a software tool used to locate 
database sites on a network. Using the speech interface, an 
individual can use voice commands to activate the browser 
and access information located on the computer network, 
such as a desired Hypertext Markup Language ("HTML") 
page. The user can access various links on a given HTML 
page by speaking aloud the link names. 

Claims 1 1 and 14 add the ability to create a "grammar." A 
grammar is an established set of standard query words. '229 
application at 11. According to the *229 application, each 
user can construct a granmiar and associate it with a 
Uniform *1361 Resource Location ("URL"), creating a 
"Speakable Hotlist." Id. at 4. A "Speakable Hotlist" allows 
the user to access a number of different URLs by just saying 
a phrase. For example, saying the phrase "how does the 
weather look today" could immediately link the user to the 
URL < http:// www.washingtonpost.com/weather>. Id at 5. 

Claim 1 1 differs from claim 1 by adding a number of means 
limitations providing the functions of extracting, modifying, 
dynamically producing, and processing the grammar. Claim 
14 differs from claim 1 by reciting "a means for producing a 
grammar from textual fepresentation of links to [the] 
information resource." '229 application at 14. 

On August 7, 1996, the examiner issued a first Office 
Action, which rejected claims 1-19 under "35 U.S.C. § 103 
as being unpatentable over Stefanopoulos el al. [U.S. Patent 
No. 5,333,237] and in view of Schmandt [Chris Schmandt et 
al., Augmenting a Window System with Speech Input, 
Computer Magazine, Aug. 1990, at 50 ("Schmandt") ]...." 
Aug. 7, 1996 Office Action at 3. 



These prior art references relate most directly to claim 1. 
U.S. Patent No. 5,333,237 (the "'237 patent") issued to 
Stefanopoulos, et al. ("Stefanopoulos") is entitled 
"Hypermedia Stiiictured Knowledge Base System." 
Stefanopoulos is directed to a hypermedia-structured expert 
system {i.e., a browser software system) that searches and 
accesses archived electronic documents. '237 patent, col. 1, 
11. 11-15. The disclosed invention "incorporates the ability 
to have both an electronic-based document and an expert 
system [i.e., a browser software system] coexist within a 
single computer program." Id. at col. 2, II. 52-54. The 
browser software system and the electronic documents are 
interlinked so that the user can move easily between them. 
Id. at col. 2, II. 55-57. Stefanopoulos discloses the 
processing of user action based on embedded intelligence 
and returning results to the user. Id. at col. 6, 11. 52-54. 
Stefanopoulos also discloses an advice (or help) scheme that 
provides troubleshooting advice to the user, id. at col. 6, II. 
55-68, in addition to disclosing the textual representation of 
hypertext links. Id at col. 6, II. 32-42, col. 7, II. 18-38. 

Another pertinent prior art reference is an article entitled 
"Augmenting a Window System with Speech Input," 
authored by Chris Schmandt, Mark S. Ackerman, and 
Debby Hindus. The Schmandt reference is directed to 
controlling a windows system by speech input. Schmandt at 
50. Speaking a window's name will move the window to the 
front of the screen and move the cursor into that window. 
Id. Schmandt describes how speech can be used to navigate 
in a windows system so that speech actually "assume[s] 
some of the functions currently assigned to the mouse." Id. 
Schmandt describes two speech interfaces: "Xspeak" and 
"Xspeak IL" Id. at 52, 54. Xspeak rearranges windows by 
"associat[ing] windows with voice templates, [i.e.,] words 
trained and stored in the recognizer and constituting its 
vocabulary," !d. at 52. Xspeak II improves on the speech 
interface of the original Xspeak system by making two 
changes: (1) "improv[ing] recognition rates ... [by] add[ing] 
the ability to create subtemplates;" and (2) "includ[ing] a 
specialized language, G-XL, to facilitate general-purpose 
handling of the window[s] system," Id. at 54. In other 
words, "Xspeak II allows greater flexibility in the speech 
interface." Id. 

On August 7, 1996, the examiner concluded that claim 1 
was obvious because Stefanopoulos taught a "hypermedia 
structured knowledge base system" comprising a browsing 
module and an information resource, and Schmandt taught a 
speech interface that served as a navigational tool. *1362 
Aug. 7, 1996 Office Action at 3, The examiner's motivation 
to combine the two references was that the speech interface 
to the Web "allows easy access to information on the Web 
by reducing manual intervention [i.e., the use of keyboard], 
and ... is user friendly." Id. 
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Although the examiner did not find that Stefanopoulos and 
Schmandt disclosed the grammar-creation capability added 
in claims 1 1 and 14, the examiner also rejected both of these 
claims, noting that "[t]he use of granmiar is old and well 
known in the art of speech recognition as a means of 
optimization which is highly desirable." Id. at 5, The 
examiner concluded that the additional features specified in 
the dependent claims were also unpatentable over the cited 
references, and ultimately rejected claims 1-19 under 35 
U.S.C- § 103. 

On January 14, 1997, appellants amended claims 1-5, 7-9, 
and 1 1 to attempt to overcome the obviousness rejections. 
Most pertinently, the "information resource" of claim I was 
further defined as "located on a computer network wherein 
said speech user agent facilitates voice activation of said 
network browsing module to access said information 
resource." Jan. 14, 1997 Amendment at 2. This limitation 
was also added to claim 1 1 in addition to amending element 
(d) of claim 1 1 to recite "a means for extracting a grammar 
from a hypermedia source on said information resource for 
future reference to said source." Id. at 3 (emphasis 
indicating added language). 

On March 27, 1997, in response to the amendment, the 
examiner issued a final Office Action, maintaining the 
rejection of claims 1-19 of the *229 application. Mar. 27, 
1997 Final Office Action at 2. The examiner found the 
claims obvious, even in light of the "newly added limitation 
of an information resource located on a computer 
network " because Schmandt "leach[es] a window[s] 
system that links together workstations," and "[i]i would 
have been obvious to one with ordinary skill in the art at the 
time of invention that workstations linked together form a 
network and are served by an information resource, because 
an artisan would recognize that this is an efficient usage of 
space available." Id. at 2-3. 

The Board affirmed the examiner's rejection of all 19 
claims. Decision on Appeal at 10. The Board concluded 
with respect to independent claim 1, "the skilled artisan 
would have been motivated and found it obvious to 
incorporate the speech input and speech recognition 
techniques taught by Schmandt into the expert system of 
Stefanopoulos in order to reduce the need for less user 
friendly manual keyboard and mouse click inputs." hi at 5. 
The Board sustained the examiner's rejection of dependent 
claims 2-4 as falling with claim 1. Id. at 8. The Board 
further noted that "independent claims 11 and 14 are similar 
to independent claim 1 ... but add limitations directed to the 
construction and exu-action of grammar related features as 
part of the speech user agent," Id. at 9. The Board concluded 
with respect to claims 5-19, "the Examiner's reasoning is 
sufficient to shift the burden to Appellants to come forward 
with evidence and/or arguments to rebut the Examiner's 



position." Id. Although the Board acknowledged that "the 
applied references do not explicitly disclose several of the 
various features of claims 5-19," it sustained the rejection of 
these claims because "Appellants* minimal arguments do not 
address the Examiner's position of obviousness or inherency 
with respect to the features recited in these claims." Id. at 
10. 

On rehearing, the Board denied appellants* request to 
reconsider its previous decision rejecting claims 1-19. 
Decision on Request for Rehearing at 7. The Board once 
again noted the sufficiency of the *1363 examiner's 
reasoning in proving a prima facie case of obviousness and 
the lack of evidence to rebut the examiner's position. Id. at 
6-7. 

We have jurisdiction over this appeal pursuant to 28 U.S.C. 
§ 1295(a)(4)(A). 

DISCUSSION 
I 

[2] "The ultimate determination of whether an invention 
would have been obvious under 35 U.S.C. § 103(a) is a 
legal conclusion based on underlying findings of fact." In re 
Kotzah, 217 R3d 1365, 1369, 55 USPQ2d 1313, 1316 
(Fed.Cir,2000). The Board's ultimate determination of 
obviousness is reviewed without deference; the Board's 
underlying factual findings are reviewed for substantial 
evidence. Id. 

II 

Appellants urge that their invention described in the '229 
application was not obvious under 35 U.S.C. § 103 over 
Stefanopoulos in view of Schmandt because (1) the record 
does not support the Board's determination that the 
examiner made a prima facie case of obviousness of claim 
1; and (2) the Board failed to provide evidence of the 
presence of key limitations of claims 1 1 and 14 in the prior 
art. We address each argument in turn. 

A. Prima Facie Case of Obviousness and Claim I 

[3] To establish a prima facie case of obviousness, the 
Board must, inter alia, show "some objective teaching in the 
prior art or that knowledge generally available to one of 
ordinary skill in the art would lead that individual to 
combine the relevant teachings of the references." /// re 
Fine, 837 F.2d 1071, 1074, 5 USPQ2d 1596, 1598 
(Fed.Cir.1988). "The motivation, suggestion or teaching 
may come explicitly from statements in the prior art, the 
knowledge of one of ordinary skill in the art, or, in some 
cases the nature of the problem to be solved." Kotzab, 217 
F.3d at 1370, 55 USPQ2d at 1317. 
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[4] The Board agreed that the examiner had satisfied his 
burden of presenting a prima facie case of obviousness with 
respect to claim 1. Decision on Appeal at 5. The Board 
explained: 

With respect to independent claim 1 , the Examiner, as the 
basis for the obviousness rejection, proposes to modify 
the disclosed Hypermedia structured expert system of 
Stefanopoulos which, in the Examiner's view, discloses 
the claimed invention except for the speech user agent. To 
address this deficiency, the Examiner turns to Schmandt 
which discloses the use of speech input to navigate 
through a multiple window based computer system 
display. In the Examiner's analysis ... the skilled artisan 
would have been motivated and found it obvious to 
incorporate the speech input and speech recognition 
techniques taught by Schmandt into the expert system 
[i.e., here the browser software system] of Stefanopoulos 
in order to reduce the need for less user friendly manual 
keyboard and mouse click inputs. 

... In our view the Examiner's analysis is sufficiently 
reasonable that we find that the Examiner has at least 
satisfied the burden of presenting a prima facie case of 
obviousness. 
Decision on Appeal at 4-5 (emphasis added). 

Appellants appear to concede that Stefanopoulos discloses 
all of the limitations of the claimed invention except the 
"speech user agent." However, appellants urge that 
Schmandt does not disclose a "speech user agent." 
Appellants define a "speech user agent" as an agent that 
"dynamically creates the vocabulary, grammar and actions 
that are possible for the user to use *1364 in a given 
situation." Appellants' Br. at 35 (emphasis added). 

[5] When examining claims for patentability, claims are 
interpreted as broadly as is reasonable and consistent with 
the specification. See, e.g.. In re Hyatt, 211 F.3d 1367, 
1372, 54 USPQ2d 1664, 1667 (Fed.Cir.2000). Because 
claim 1 uses the general term "speech user agent" without 
any modifiers, appellants* limiting interpretation of this 
phrase is inappropriate, particularly in light of the 
grammar-creation capability separately recited in claims 1 1 
and 14. Instead, we interpret the phrase "speech user agent" 
consistent with its plain meaning: an interface that allows 
the user to interact with the system by speaking. See IBM 
Dictionary of Computing 638 (10th ed.l994) (defining 
"speech recognition" as "[t]he recognition of voice 
communication as a series of words or sentences"); Van 
Nostrand Reinhold Dictionary of Information Technology 
413 (3d ed.l989) (defining "speech recognizer" as "[i]n 
man-machine interfaces, a system that receives spoken word 
inputs and identifies the message. The system output can 
then be used to initiate appropriate actions or responses."); 
Johnson Worldwide Assocs., Inc. v. Zebco Corj?., 175 F.3d 
985, 989, 50 USPQ2d 1607, 1610 (Fed.Cir.1999) ( "The 



general rule is, of course, that terms in the claim are to be 
given their ordinary and accustomed meaning."). Although 
an applicant may be his own lexicographer, Markman v. 
Westview Instruments, Inc., 52 F.3d 967, 980, 34 USPQ2d 
1321, 1330 (Fed.Cir.l995) {en banc ), affd, 517 U.S. 370, 
116 S.Ct. 1384, 134 L.Ed.2d 577 (1996), nothing in the 
specification defines the phrase "speech user agent" 
differently from its ordinary meaning. Applying die above 
definition, Schmandt clearly discloses a "speech user agent" 
because the reference specifically describes "Xspeak," a 
speech interface with the windows environment. 

[6] Appellants also argue that even if Schmandt discloses a 
"speech user agent," there is no suggestion or motivation to 
combine Schmandt and Stefanopoulos. Recently, in In re 
Ue, 211 F.3d 1338, 61 USPQ2d 1430 (Fed.Cir.2002), we 
held that the Board's reliance on "conunon knowledge and 
conrunon sense" did not fulfill the agency's obligation to cite 
references to support its conclusions. Id. at 1344, 277 F.3d 
1338, 61 USPQ2d at 1434. Instead, the Board must 
document its reasoning on the record to allow 
accountability. Id. at 1345, 277 F.3d 1338, 61 USPQ2d at 
1435. This documentation also allows effective judicial 
review. Id. 

[1] In the present case, the reasoning articulated by the 
Board is exactly the type of reasoning required by In re Lee. 
Both the examiner and the Board clearly identified a 
motivation to combine the references, stating that the skilled 
artisan would have "found it obvious to incorporate the 
speech input and speech recognition techniques taught by 
Schmandt into the expert system of Stefanopoulos in order 
to reduce the need for less user friendly manual keyboard 
and mouse click inputs.'* Decision on Appeal at 5; accord 
Aug. 7, 1996 Office Action at 3. The motivation to combine 
the references is present in the text of each reference. The 
Schmandt reference itself verifies this motivation, stating 
that "allowing users to remain focused on the screen and 
keyboard, instead of fumbling for the mouse, would be 
beneficial in a workstation environment." Schmandt at 51. 
Stefanopoulos itself, while not expressly disclosing the use 
of speech recognition, sets forth the motivation to combine 
the references, stating that "there are alternative means to 
select the buttons, including ... voice-activated transfer 
means, which may be readily adapted for use with the 
present invention *1365 by those skilled in the art." '237 
patent, col. 4, 11. 34-38. 

Appellants also argue that Schmandt discloses only a 
pre-programmed grammar. Because the construction of 
"speech user agent'* does not require an agent that 
dynamically changes grammar and vocabulary, but only an 
agent that allows the user to interact with the system by 
speaking, we conclude that Schmandt adequately discloses a 
speech user agent as required by claim 1 of the '229 
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application. Appellants further urge that Schmandt's 
invention is directed to navigation in a windows system, not 
the web-browsing environment of the present invention. 
However, the Board properly concluded that the present 
invention is not limited to a web-browsing environment, 
stating that "the language of the appealed claims reveals 
only a recitation of a 'computer network' with no recitation 
of any remote accessing of a database or any limitation as to 
database complexity or the internet." Decision on Appeal at 
8. Appellants also argue that the prior art references 
revealed no reasonable expectation of success in carrying 
out the invention; however, the Board found that this issue 
had not been properly raised. Finally, we are not persuaded 
that Schmandt does not suggest the combination because it 
only refers to speech recognition as substituting for the 
mouse and not the keyboard. Accordingly, the Board's 
conclusion that the invention recited in claim 1 was obvious 
is well supported. 

For these reasons, we affirm the Board's decision as to 
independent claim 1 and dependent claims 2-10. 

B. Evidence of Key Limitations of Claims U and 14 in the 
Prior Art 

1. Claim 11 

[8] As noted above, claim 1 1 differs from claim 1 in that 
claim 11 adds grammar-creation capability features 
including a means for extracting a grammar from a 
hypermedia source; a means for modifying the grammar; a 
means for dynamically producing the grammar; and a means 
for processing the grammar to produce a reference to a 
specific hypermedia source. In the August 1996 Office 
Action, the examiner summarily rejected claim 11 's 
grammar-creation capability limitations, stating that "[t]he 
use of grammar is old and well known in the art of speech 
recognition as a means of optimization which is highly 
desirable." Aug. 7, 1996 Office Action at 5. The examiner's 
final Office Action generally affirmed his initial conclusion 
as to obviousness, without specifically discussing the 
grammar features. Mar. 27, 1997 Final Office Action at 2. 
The Board subsequently affirmed the examiner's decision to 
reject claim 1 1, noting that the examiner set forth sufficient 
reasoning for asseiting the obviousness or inherent nature of 
each of the claimed features, and therefore, "the Examiner's 
reasoning is sufficient to shift the burden to Appellants to 
come forward with evidence and/or arguments to rebut the 
Examiner's position." Decision on Appeal at 9; accord 
Decision on Request for Rehearing at 6. 

Appellants urge that this rejection was improper because 
there is no evidence in the record to prove that the following 
limitations of claim 1 1 would be obvious: 
d, a means for extracting a grammar from a hypermedia 
source on said information resource for future reference to 



said source; 

e. a means for modifying said grammar; 

g. a means for processing said grammar to produce a 

reference to said hypermedia source. 
Even if all of the limitations of claim 1 1 were present in the 
prior art, appellants urge that there is no teaching or 
suggestion *1366 supporting the combination of these 
references. 

We agree with appellants that the Board's ground of 
rejection is simply inadequate on its face. The Board 
sustained the examiner's very general and broad conclusion 
of obviousness based on his finding that "[t]he use of 
granmiar is old and well known in the art of speech 
recognition as a means of optimization which is highly 
desirable." Aug. 7, 1996 Office Action at 5; accord 
Decision on Request for Rehearing at 6. Although this 
statement is likely true, it fails to address the 
granunar-creation capability limitations of claim 1 1 . While 
the examiner's statement generally addresses the use of 
grammar, it does not discuss the unique limitations of 
extracting, modifying, or processing the grammar to interact 
with hypermedia sources. The Board's decision is not 
supported by substantial evidence because the cited 
references do not support each limitation of claim 1 1 . See In 
re VaecK 947 F.2d 488, 493, 20 USPQ2d 1438, 1443 
(Fed.Cir.199r). 

[9] The Patent Office ("PTO") on appeal does not even 
defend the Board's rejection of claim 11 on the merits. 
Rather, it urges that appellants did not properly raise the 
grounds for sustaining the patent before the Board. The 
PTO's argument seems weak at best because appellants' 
brief to the Board specifically discusses the alleged failure 
of the Schmandt and Stefanopoulos references to teach the 
claimed invention of claim 11. Despite language in the 
Board's reconsideration decision faulting appellants for 
failure to raise issues before the Board, [FNl] we do not 
read the Board's decisions on appeal or reconsideration as 
resting on this ground. Rather, the Board sustained the 
examiner's rejection on the merits. 

FNl . The Board noted that "neither of [Appellants' 
arguments regarding motivation were] made by 
Appellants in the Brief. An argument not timely 
made is an argument waived." Decision on Request 
for Rehearing at 4. 

In SEC V. Chener\^ Corp., 332 U.S. 194, 196, 67 S.Ct. 1575, 
91 L.Ed. 1995 (1947), the Supreme Court held that 
a reviewing court, in dealing with a determination or 
judgment which an administrative agency alone is 
authorized to make, must judge the propriety of such 
action solely by the grounds invoked by the agency. If 
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those grounds are inadequate or improper, the court is 
powerless to affirm the administrative action by 
substituting what it considers to be a more adequate or 
proper basis. 

Here the Chenery rule is implicated because the Board 
failed to provide an adequate ground for sustaining the 
rejection of claim 1 1 in either its decision on appeal or its 
decision on request for rehearing. See also SKF USA Inc. v. 
United States, 254 F3d 1022. 1028 (Fed.Cir.2001). 

Therefore, because the Board did not hold that appellants' 
arguments were untimely and did reach the merits of claim 

1 1 but failed to provide an adequate basis for rejecting this 
claim, we vacate and remand for further proceedings before 
the Board as to independent claim 1 1 and dependent claims 

12 and 13. 

2. Claim 14 

Since the limitations of claims II and 14 are very similar, 
the examiner rejected claim 14 on the same grounds as he 
rejected claim 11. Appellants urge that there was also 
insufficient evidence in the record to support the examiner's 
and Board's conclusions regarding obviousness because the 
cited references do not support all of the limitations of claim 
14. We agree that the Board's decision is not supported by 
substantial evidence. Again, in its brief to this court, the 
PTO attempts to sustain the actions of the Board on grounds 
not articulated *1367 in the Board's decision, relying on 
Schmandt to defend the rejection of claim 14. The PTO 
claims that Schmandt's Xspeak II system discloses the 
grammar limitation of claim 14: "a means for producing a 
grammar from textual representation of links to said 
information resource." The PTO further contends that 
Schmandt provides the motivation to combine a speech user 
agent such as Xspeak II with the information resource 
described in Stefanopoulos because Xspeak II provides the 
benefits of decreased manual input and improved 
recognition rates. 

Whatever merit there is to the PTO's defense of the rejection 
of claim 14 raised in its brief submitted to this court, that 
ground does not appear in the Board's decision and may not 
be the basis for affirmance. See Chenety, 332 U.S. at 196, 
67 S.Ct. 1575; In re De Blauwe, 736 F.2d 699, 705 n. 7, 222 
USPQ 191. 196 n. 7 (Fed.Cir.1984) ("[T]he Solicitor cannot 
raise a new ground of rejection or apply a new rationale to 
support a rejection in appeals from decisions of the board."). 
We vacate and remand for further proceedings as to 
independent claims 14 and dependent claims 15-19. 

CONCLUSION 

For the foregoing reasons, we affirm the Board's decision as 
to claims 1-10, and we vacate and remand the Board's 
decision as to claims 11-19 for further proceedings 



consistent with this opinion. 

COSTS 

No costs. 

298 F.3d 1357. 63 U.S.P.Q.2d 2002 
END OF DOCUMENT 
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United States Court of Appeals, 
Federal Circuit. 

In re SANG-SU LEE. 

No. 00-1158. 

Jan. 18, 2002. 

Board of Patent Appeals and Interferences rejected all 
claims of inventor's patent application directed toward 
method of automatically displaying functions of video 
display device that demonstrated how to select and adjust 
functions in order to facilitate response by user. Inventor 
appealed. The Court of Appeals, Pauline Newman, Circuit 
Judge, held that analysis by Board did not comport with 
either legal requirements for determination of obviousness 
or with requirements of Administrative Procedure Act 
(APA). 

Vacated and remanded. 
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Patent Appeals and Interferences are presumed to act from 
the viewpoint of a person having ordinary skill in the art to 
which the subject matter pertains; thus, when they rely on 
what they assert to be general knowledge to negate 
patentability, that knowledge must be articulated and placed 
on the record and the failure to do so is not consistent with 
either effective administrative procedure or effective 
judicial review. 5 U.S.C.A. § 706(2); 35 U.S.C.A. § 103. 

[16] Patents €>^U1 

291 kill Most Cited Cases 

In the context of an obviousness determination, the Board of 
Patent Appeals and Interferences cannot rely on conclusory 
statements when dealing with particular combinations of 
prior art and specific claims, but must set forth the rationale 
on which it rehes. 5 U.S.C.A. § 706(2); 35 U.S.C.A. § 103. 

[17] Administrative Law and Procedure €^326 

15Ak326 Most Cited Cases 

[17] Administrative Law and Procedure €>^85 
15Ak485 Most Cited Cases 

[17] Administrative Law and Procedure €>=^507 
15Ak507 Most Cited Cases 

Sound administrative procedure requires that an agency 
apply the law in accordance with statute and precedent; the 
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agency tribunal must make findings of relevant facts, and 
present its reasoning in sufficient detail that the court may 
conduct meaningful review of the agency action. 5 U.S.C.A. 
§ 706(2). 

Patents €>s^328(2) 
291k328(2) Most Cited Cases 

4,626,892. Cited As Prior Art. 

*1340 Richard H. Stem, of Washington, DC, argued for 
Sang Su Lee. With him on the brief was Robert E. Bushnell. 

Sidney O. Johnson, Jr., Associate Solicitor, of Arlington, 
Virginia, argued for the Director of the U.S. Patent and 
Trademark Office. With him on the brief were John M. 
Whealan, Solicitor, and Raymond T. Chen, Associate 
Solicitor. Of counsel were Maximilian R. Peterson and 
Mark Nagumo, Associate Solicitors. 

Before PAULINE NEWMAN, CLEVENGER, and DYK, 
Circuit Judges. 

PAULINE NEWMAN, Circuit Judge. 

Sang-Su Lee appeals the decision of the Board of Patent 
Appeals and Interferences of the United States Patent and 
Trademark Office, rejecting all of the claims of Lee's patent 
application Serial No. 07/631,210 entitled "Self- Diagnosis 
and Sequential-Display Method of Every Function." [FNl] 
We vacate the Board's decision for failure to meet the 
adjudicative standards for review under the Administrative 
Procedure Act, and remand for further proceedings. 

FNL Ex pane Ue, No.1994-1989 (Bd. Pat.App. & 
Int. Aug. 30, 1994; on reconsid'n Sept. 29, 1999). 

The Prosecution Record 

Mr. Lee's patent application is directed to a method of 
automatically displaying the functions of a video display 
device and demonstrating how to select and adjust the 
functions in order to facilitate response by the user. The 
display and demonstration are achieved using 
computer-managed electronics, including pulse-width 
modulation and auto-fine-tuning pulses, in accordance with 
procedures described in" the specification. Claim 10 is 
representative: 

10. A method for automatically displaying functions of a 

video display device, comprising: 

determining if a demonstration mode is selected; 

if said demonstration mode is selected, automatically 

entering a picture adjustment mode having a picture menu 

screen displaying a list of a plurality of picture functions; 

and 

automatically demonstrating selection and adjustment of 



individual ones of said plurality of picture functions. 
The examiner rejected the claims on the ground of 
obviousness, citing the combination of two references: 
United States Patent No. 4,626,892 to Nortrup, and the 
Thunderchopper Helicopter Operations *1341 Handbook for 
a video game. The Nortrup reference describes a television 
set having a menu display by which the user can adjust 
various picture and audio functions; however, the Nortrup 
display does not include a demonstration of how to adjust 
the functions. The Thunderchopper Handbook describes the 
Thunderchopper game's video display as having a 
"demonstration mode" showing how to play the game; 
however, the Thunderchopper Handbook makes no mention 
of the adjustment of picture or audio functions. The 
examiner held that it would have been obvious to a person 
of ordinary skill to combine the teachings of these 
references to produce the Lee system. 

Lee appealed to the Board, arguing that the Thunderchopper 
Handbook simply explained how to play the 
Thunderchopper game, and that the prior art provided no 
teaching or motivation or suggestion to combine this 
reference with Nortrup, or that such combination would 
produce the Lee invention. The Board held that it was not 
necessary to present a source of a teaching, suggestion, or 
motivation to combine these references or their teachings. 
The Board stated: 
The conclusion of obviousness may be made from 
common knowledge and common sense of a person of 
ordinary skill in the art without any specific hint or 
suggestion in a particular reference. 
Board op. at 7. The Board did not explain the "common 
knowledge and common sense" on which it relied for its 
conclusion that "the combined teachings of Nortrup and 
Thunderchopper would have suggested the claimed 
invention to those of ordinary skill in the art." 

Lee filed a request for reconsideration, to which the Board 
responded after five years. The Board reaffirmed its 
decision, stating that the Thunderchopper Handbook was 
"analogous art" because it was "from the same field of 
endeavor" as the Lee invention, and that the field of video 
games was "reasonably pertinent" to the problem of 
adjusting display functions because the Thunderchopper 
Handbook showed video demonstrations of the "features" of 
the game. On the matter of motivation to combine the 
Nortrup and Thunderchopper references, the Board stated 
that "we maintain the position that we stated in our prior 
decision" and that the Examiner's Answer provided "a well 
reasoned discussion of why there is sufficient motivation to 
combine the references." The Board did not state the 
examiner's reasoning, and review of the Examiner's Answer 
reveals that the examiner merely stated that both the 
Nortrup function menu and the Thunderchopper 
demonstration mode are program features and that the 
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Thunderchopper mode "is user- friendly" and it functions as 
a tutorial, and that it would have been obvious to combine 
them. 

Lee had pressed the examiner during prosecution for some 
teaching, suggestion, or motivation in the prior art to select 
and combine the references that were relied on to show 
obviousness. The Examiner's Answer before the Board, plus 
a Supplemental Answer, stated that the combination of 
Thunderchopper with Nortrup "would have been obvious to 
one of ordinary skill in the art since the demonstration mode 
is just a programmable feature which can be used in many 
different device[s] for providing automatic introduction by 
adding the proper programming software/' and that "another 
motivation would be that the automatic demonstration mode 
is user friendly and it functions as a tutorial." The Board 
adopted the examiner's answer, stating "the examiner has 
provided a well reasoned discussion of these references and 
how the combination of these references meets the claim 
limitations." However, perhaps recognizing that the 
examiner had provided insufficient justification to *1342 
support combining the Nortrup and Thunderchopper 
references, the Board held, as slated supra, that a "specific 
hint or suggestion" of motivation to combine was not 
required. 

This appeal followed. 
Judicial Review 

[1] Tribunals of the PTO are governed by the 
Administrative Procedure Act, and their rulings receive the 
same judicial deference as do tribunals of other 
administrative agencies. Dickinson v. Zurko, 527 U.S. 150, 
1 19 S.Ct. 1816, 144 L.Ed.2d 143, 50 USPQ2d 1930 (1999). 
Thus on appeal we review a PTO Board's findings and 
conclusions in accordance with the following criteria: 
5 U.S.C- § 706(2) The reviewing court shall-- 
(2) hold unlawful and set aside agency actions, findings, 
and conclusions found to be~ 

(A) arbitrary, capricious, an abuse of discretion, or 
otherwise not in accordance with law; 

****** 

(E) unsupported by substantial evidence in a case subject 
to sections 556 and 557.pf this title or otherwise reviewed 
on the record of an agency hearing provided by statute; 

[2][3] For judicial review 10 be meaningfully achieved 
within these strictures, the agency tribunal must present a 
full and reasoned explanation of its decision. The agency 
tribunal must set forth its findings and the grounds thereof, 
as supported by the agency record, and explain its 
application of the law to the found facts. The Court has 
often explained: 
The Administrative Procedure Act, which governs the 



proceedings of administrative agencies and related 
judicial review, establishes a scheme of "reasoned 
decisionmaking." Not only must an agency's decreed 
result be within the scope of its lawful authority, but the 
process by which it reaches that result must be logical and 
rational. 

Allentown Mock Sales and Service, Inc. v. National Labor 
Relations Bd,, 522 U.S. 359, 374, 118 S.Ct. 818, 139 
L.Ed.2d 797 (1998) (citation omitted). This standard 
requires that the agency not only have reached a sound 
decision, but have articulated the reasons for that decision. 
The reviewing court is thus enabled to perform meaningful 
review within the strictures of the APA, for the court will 
have a basis on which to determine "whether the decision 
was based on the relevant factors and whether there has 
been a clear error of judgment." Citizens to Preserve 
Overton Park v. Volpe, 401 U.S. 402, 416, 91 S.Ct. 814, 28 
L.Ed.2d 136 (1971). Judicial review of a Board decision 
denying an application for patent is thus founded on the 
obligation of the agency to make the necessary findings and 
to provide an administrative record showing the evidence on 
which the findings are based, accompanied by the agency's 
reasoning in reaching its conclusions. See In re Zurko, 258 
F.3d 1379, 1386, 59 USPQ2d 1693, 1697 (Fed.Cir.2001) 
(review is on the administrative record); In re Gartside, 203 
F.3d 1305, 1314, 53 USPQ2d 1769, 1774 (Fed.Cir.2000) 
(Board decision "must be justified within the four comers of 
the record"). 

[4][5] As applied to the determination of patentability vel 
non when the issue is obviousness, "it is fundamental that 
rejections under 35 U.S.C. § 103 must be based on evidence 
comprehended by the language of that section." In re 
Grasselli, 713 F.2d 731, 739, 218 USPQ 769, 775 
(Fed.Cir.1983). The essential factual evidence on the issue 
of obviousness is set forth in Graham v. John Deere Co., 
383 U.S. 1,17-18, 86 S.Ct. 684, 15 L.Ed.2d 545, 148 USPQ 
459, 467 (1966) and extensive ensuing precedent. The 
patent examination *1343 process centers on prior art and 
the analysis thereof. When patentability turns on the 
question of obviousness, the search for and analysis of the 
prior art includes evidence relevant to the finding of whether 
there is a teaching, motivation, or suggestion to select and 
combine the references relied on as evidence of 
obviousness. See, e.g., McGinley v. Franklin Sports, Inc., 
262 F.3d 1339, 1351-52, 60 USPQ2d 1001, 1008 
(Fed,Cir.2O01) ("the central question is whether there is 
reason to combine [the] references," a question of fact 
drawing on the Graham factors). 

[6] "The factual inquiry whether to combine references must 
be thorough and searching." Id. It must be based on 
objective evidence of record. This precedent has been 
reinforced in myriad decisions, and cannot be dispensed 
with. See, e.g., Brown & Williamson Tobacco Corp. v. 
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Philip Morris Inc, 229 F.3d 1120, 1124-25, 56 USPQ2d 
1456, 1459 (Fed.Cir.2000) ("a showing of a suggestion, 
teaching, or motivation to combine the prior art references is 
an 'essential component of an obviousness holding' ") 
(quoting C.R, Bard, Inc., v. M3 Systems, Inc., 157 F3d 
1340, 1352, 48 USPQ2d 1225, 1232 (Fed. Cir. 1998)); In re 
DembiczaK 175 F.3d 994, 999, 50 USPQ2d 1614, 1617 
(Fed .Cir. 1999) ("Our case law makes clear that the best 
defense against the subtle but powerful attraction of a 
hindsight-based obviousness analysis is rigorous application 
of the requirement for a showing of the teaching or 
motivation to combine prior art references."); In re Dance, 
160 F.3d 1339, 1343, 48 USPQ2d 1635, 1637 
(Fed.Cir.1998) (there must be some motivation, suggestion, 
or teaching of the desirability of making the specific 
combination that was made by the applicant); In re Fine, 
837F.2d 1071, 1075, 5 USPQ2d 1596, 1600 (Fed.Cir.1988) 
(" 'teachings of references can be combined only if there is 
some suggestion or incentive to do so.* ") (emphasis in 
original) (quoting ACS Hosp, Sys., Inc. v. Montefiore Hasp., 
732 F.2d 1572, 1577, 221 USPQ 929, 933 (Fed.Cir.1984)). 

The need for specificity pervades this authority. See, e.g.. In 
re Kotzcib, 217 F.3d 1365, 1371, 55 USPQ2d 1313, 1317 
(Fed.Cir.2000) ("particular findings must be made as to the 
reason the skilled artisan, with no knowledge of the claimed 
invention, would have selected these components for 
combination in the manner claimed"); In re Rouffet, 149 
F.3d 1350, 1359, 47 USPQ2d 1453, 1459 (Fed.Cir.1998) 
("even when the level of skill in the art is high, the Board 
must identify specifically the principle, known to one of 
ordinary skill, that suggests the claimed combination. In 
other words, the Board must explain the reasons one of 
ordinary skill in the art would have been motivated to select 
the references and to combine them to render the claimed 
invention obvious."); In re Fritch, 972 F.2d 1260, 1265, 23 
USPQ2d 1780, 1783 (Fed.Cir.1992) (the examiner can 
satisfy the burden of showing obviousness of the 
combination "only by showing some objective teaching in 
the prior art or that knowledge generally available to one of 
ordinary skill in the art would lead that individual to 
combine the relevant teachings of the references"). 

[7J[8j[9j With respect to Lee's application, neither the 
examiner nor the Board adequately supported the selection 
and combination of the Nortrup and Thunderchopper 
references to render obvious that which Lee described. The 
examiner's conclusory statements that "the demonstration 
mode is just a programmable feature which can be used in 
many different device[s] for providing automatic 
introduction by adding the proper programming software" 
and that "another motivation would be that the automatic 
demonstration mode is user friendly and it functions as a 
tutorial" do not adequately address the issue of motivation 
to combine. This factual question *1344 of motivation is 



material to patentability, and could not be resolved on 
subjective belief and unknown authority. It is improper, in 
determining whether a person of ordinary skill would have 
been led to this combination of references, simply to "[use] 
that which the inventor taught against its teacher." W.L. 
Gore V. Garlock, Inc., 721 F.2d 1540, 1553, 220 USPQ 303, 
312-13 (Fed.Cir.1983). Thus the Board must not only assure 
that the requisite findings are made, based on evidence of 
record, but must also explain the reasoning by which the 
findings are deemed to support the agency's conclusion. 

[10] Deferential judicial review under the Administrative 
Procedure Act does not relieve the agency of its obligation 
to develop an evidentiary basis for its findings. To the 
contrary, the Administrative Procedure Act reinforces this 
obligation. See, e.g., Motor Vehicle Manufacturers Ass'n v. 
State Fann Mutual Automobile Ins. Co., 463 U.S. 29, 43, 
103 S.Ct. 2856, 77 L.Ed.2d 443 (1983) ("the agency must 
examine the relevant data and articulate a satisfactory 
explanation for its action including a 'rational connection 
between the facts found and the choice made.' ") (quoting 
Burlington Truck Lines v. United States, 371 U.S. 156, 168, 
83 S.Ct. 239, 9 L.Ed.2d 207 (1962)); Securities c& Exchange 
Cotnmn v. Chenery Corp., 318 U.S. 80, 94, 63 S.Ct. 454, 87 
L.Ed. 626 (1943) ("The orderly function of the process of 
review requires that the grounds upon which the 
administrative agency acted are clearly disclosed and 
adequately sustained."). 

[11] In its decision on Lee's patent application, the Board 
rejected the need for "any specific hint or suggestion in a 
particular reference" to support the combination of the 
Nortrup and Thunderchopper references. Omission of a 
relevant factor required by precedent is both legal error and 
arbitrary agency action. See Motor Vehicle Manufacturers, 
463 U.S. at 43, 103 S.Ct. 2856 ("an agency rule would be 
arbitrary and capricious if the agency ... entirely failed to 
consider an important aspect of the problem"); Mullins v. 
Department of Energy, 50 F.3d 990, 992 (Fed.Cir.1995) ("It 
is well established that agencies have a duty to provide 
reviewing courts with a sufficient explanation for their 
decisions so that those decisions may be judged against the 
relevant statutory standards, and that failure to provide such 
an explanation is grounds for striking down the action."). As 
discussed in National Labor Relations Bd. v. Ashkenazy 
Property Mgt. Corp., 817 F.2d 74, 75 (9th Cir. 1987), an 
agency is "not free to refuse to follow circuit precedent." 

[12] The foundation of the principle of judicial deference to 
the rulings of agency tribunals is that the tribunal has 
specialized knowledge and expertise, such that when 
reasoned findings are made, a reviewing court may 
confidently defer to the agency's application of its 
knowledge in its area of expertise. Reasoned findings are 
critical to the performance of agency functions and judicial 
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reliance on agency competence. See Baltimore and Ohio 
R.R. Co, V. Aberdeen & Rockfish R.R. Co., 393 U.S. 87, 
91-92, 89 S.Ct. 280, 21 L.Ed.2d 219 (1968) (absent 
reasoned findings based on substantial evidence effective 
review would become lost "in the haze of so-called 
expertise"). The "common knowledge and common sense" 
on which the Board relied in rejecting Lee*s application are 
not the specialized knowledge and expertise contemplated 
by the Admin is u-ative Procedure Act. Conclusory 
statements such as those here provided do not fulfill the 
agency's obligation. This court explained in Zurko, 258 F.3d 
at 1385, 59 USPQ2d at 1697, that "deficiencies of the cited 
references cannot be remedied by the Board's general 
conclusions about what is 'basic knowledge' or 'common 
sense.' " The *1345 Board's findings must extend to all 
material facts and must be documented on the record, lest 
the "haze of so-called expertise" acquire insulation from 
accountability. "Common knowledge and common sense," 
even if assumed to derive from the agency's expertise, do 
not substitute for authority when the law requires authority. 
See Allentown Mack 522 U.S. at 376, 118 S.Ct. 818 
("Because reasoned decisionmaking demands it, and 
because the systemic consequences of any other approach 
are unacceptable, the Board must be required to apply in 
fact the clearly understood legal standards that it enunciates 
in principle....") 

The case on which the Board relies for its departure from 
precedent. In re BozeK 57 C.C.P.A. 713, 416 F.2d 1385, 
163 USPQ 545 (1969), indeed mentions "common 
knowledge and common sense," the CCPA stating that the 
phrase was used by the Solicitor to support the Board's 
conclusion of obviousness based on evidence in the prior 
art. Boz.ek did not hold that conmion knowledge and 
common sense are a substitute for evidence, but only that 
they may be applied to analysis of the evidence. Bozek did 
not hold that objective analysis, proper authority, and 
reasoned findings can be omitted from Board decisions. Nor 
does Bozek, after thirty-two years of isolation, outweigh the 
dozens of rulings of the Federal Circuit and the Court of 
Customs and Patent Appeals that determination of 
patentability must be based on evidence. This court has 
remarked, in Smiths Industries Medical Systems, Inc. v. 
Vital Signs, Inc., 183 F.3d 1347, 1356, 51 USPQ2d 1415, 
1421 (Fed.Cir.1999), that Bozek *s reference to common 
knowledge "does not in and of itself make it so" absent 
evidence of such knowledge. 

[13][14][15][16] The determination of patentability on the 
ground of unobviousness is ultimately one of judgment. In 
furtherance of the judgmental process, the patent 
examination procedure serves both to find, and to place on 
the official record, that which has been considered with 
respect to patentability. The patent examiner and the Board 
are deemed to have experience in the field of the invention; 



however, this experience, insofar as applied to the 
determination of patentability, must be applied from the 
viewpoint of "the person having ordinary skill in the art lo 
which said subject matter pertains." the words of section 
103. In finding the relevant facts, in assessing the 
significance of the prior art, and in making the ultimate 
determination of the issue of obviousness, the examiner and 
the Board are presumed to act from this viewpoint. Thus 
when they rely on what they assert to be general knowledge 
to negate patentability, that knowledge must be articulated 
and placed on the record. The failure to do so is not 
consistent with either effective administrative procedure or 
effective judicial review. The board cannot rely on 
conclusory statements when dealing with particular 
combinations of prior art and specific claims, but must set 
forth the rationale on which it relies. 

Alternative Grounds 

At oral argument the PTO Solicitor proposed alternative 
grounds on which this court might affirm the Board's 
decision. However, as stated in Burlington Truck Lines, Inc. 
V. United States, 371 U.S. 156, 168, 83 S.Ct. 239, 9 L.Ed.2d 
207 (1962), "courts may not accept appellate counsel's post 
hoc rationalization for agency action." Consideration by the 
appellate tribunal of new agency justifications deprives the 
aggrieved party of a fair opportunity to support its position; 
thus review of an administrative decision must be made on 
the grounds relied on by the agency. "If those grounds are 
inadequate or improper, the court is powerless to affirm the 
adminisu-ative action by substituting what it considers 
*1346 to be a more adequate or proper basis." Securities & 
Exchange Comm'n v. Chenery Corp., 332 U.S. 194, 196, 67 
S.Ct. 1575, 91 L.Ed. 1995 (1947). As reiterated in Federal 
Election Comm'n v. Akins. 524 U.S. 11, 25, 118 S.Ct. 1777, 
141 L.Ed.2d 10 (1998), "If a reviewing court agrees that the 
agency misinterpreted the law, it will set aside the agency's 
action and remand the case—even though the agency (like a 
new jury after a mistrial) might later, in the exercise of its 
lawful discretion, reach the same result for a different 
reason." Thus we decline to consider alternative grounds 
that might support the Board's decision. 

Further Proceedings 

[17] Sound adminisu-ative procedure requires that the 
agency apply the law in accordance with statute and 
precedent. The agency tribunal must make findings of 
relevant facts, and present its reasoning in sufficient detail 
that the court may conduct meaningful review of the agency 
action. In Radio- Television News Directors Ass'n v. FCC, 
184 F.3d 872 (D.C.Cir.l999) the court discussed the "fine 
line between agency reasoning that is 'so crippled as to be 
unlawful' and action that is potentially lawful but 
insufficiently or inappropriately explained," quoting from 
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Checkosky v. Securities & Exch. Comm'n. 23 F.3d 452, 464 
(D.C.Cir.I994); the court explained that "[i]n the former 
circumstance, the court's practice is to vacate the agency's 
order, while in the latter the court frequently remands for 
further explanation (including discussion of the relevant 
factors and precedents) while withholding judgment on the 
lawfulness of the agency's proposed action." Id. at 888. In 
this case the Board's analysis of the Lee invention does not 
comport with either the legal requirements for determination 
of obviousness or with the requirements of the 
Administrative Procedure Act that the agency tribunal set 
forth the findings and explanations needed for "reasoned 
decisionmaking." Remand for these purposes is required. 
See Overton Park, 401 U.S. at 420- 421, 91 S.Ct. 814 
(remanding for further proceedings appropriate to the 
administrative process). 

VACATED AND REMANDED. 

277 R3d 1338, 61 U.S.P.Q.2d 1430 

END OF DOCUMENT 
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